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PREFACE. 



In the following traft I have (hewn, in 
as plain and clear a manner as I am able ; 

Firft, Whaf longitude is. 

Secondly, What is underftood by the 
term, Finding it : that is, in what manner, 
and from what circumftances the know- v 
ledge of it is derived. 

And, thirdly, The method of apply- 
ing a watch, or time-keeper, to this pur- 
pofe ; which naturally includes the means 
and method of finding the rate which the 
time-keeper goes at, and how much it is 
too faft or too flow for mean time at the 
place the fhip fails from before the voyage 
commences. This, indeed, is the only diffi- 
cult part of the bufinefs : for the method 
of finding the longitude by a time-keeper, 
when the time-keeper is regulated to keep 
mean time, and fet to mean time at the firft 
meridian ; or when its daily deviation from 
mean time at the firft meridian is given, is 
too plain to be mifunderftood, and too 
fimple an operation to require rules for 
putting it in praflice. Even the bufinefs 
pf finding the rate, as it is called, has fo 
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little of what is really difficult in it, that 
fome of the officers in the Eaft-India Com- 
pany's fervice conftantly found the rates 
of their time-keepers themfelves, without 
any thing having been written exprefsly 
concerning it: nor fhould I have thought 
it neceflary to write on the fubjeft now, 
if fome very extraordinary opinions had 
not been lately advanced relative to it. 
The opinions here hinted at are, indeed, fo 
very extraordinary, and at the fame time 
fo void of foundation* that they would 
neither haye cteferved, nor obtained notice, 
if they had not received countenance, and 
even fupport, from authority-, in itfelf the 
moft refpe&able, though, in what relates to 
lcicnce, not infallible. By what means, or 
for what purpofc they obtained fuch coun- 
tenance and fupport, it is neither my bufl- 
nefj or intention to enquire : but, meeting 
with it, they have certainly done more 
than could even have been expe&ed^tcn 
ward bringing time-keepers into difrepute, 
ai;d toward defeating the endeavours of the 
Board of Longitude, who have been la- 
bouring inceffantly for the laft thirty years 
to eiiablilh the ufe of them, and to en- 
courage improvements in their confirma- 
tion. Indeed, every one who has to make 
ufe of them, mull perceive immediately, 
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that if the new doctrine be true, time- 
keepers muft be of very little ufe at fea, as 
a means of difcovering the longitude : and 
it was the experience, alone, which feamen 
had already had of their utility, in dire& 
oppofition to thefe opinions, that has pre- 
served their reputation • : 

In proof of what is here advanced, I 
can .aflure the reader, that I have heard 
more doubts expreffed, and more difficul- 
ties ftarted relative to what is called the 
rate of a time-keeper's going, the proper 
mode of obtaining it, and the degree of 
dependence which may be placed on them, 
in the laft twelve or eighteen months, than 
in all my life before, though I have been 
pretty intimate with the fubject for near 
forty years : and I am firmly perfuaded 
that if the ufe of time-keepers had not 
been well eftablilhed by experience before 
thefe new do&rines were broached, they 
would not have been fpeedily introduced 
into practice now. 

To remove the ftigma which, for pri- 
vate purpofes, has been unjuftly thrown 
on thefe valuable machines, by thofe who, 
notwithftanding, would be thought, and 
indeed ought, to have a6ted differently by 
them; to favemyfelf, if poffible, fome trou- 
4 ble in future ; and to enable thofe whofe 
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bufinefs it is to apply them to the purpofc 
of finding the longitude, in the beft, and 
eafieft .manner, were my motives for writ- 
ing the following tradt. But as my firft 
objedt may be thought by fome to be of a 
controverfial nature, I ftiall confine what 
I have to fay on it to this place, and to as 
few words as poflible : it is comprifed un- 
der the four following heads : 

i. It has been reprefented, that to 
render the ufe of a timeTkeeper reafonably 
certain, the rate of its going ought to be 
taken from a period of time, at leaft, equal 
to that of the voyage which it is intended 
to be ufed in 

If this were true, it would be neceffary 
for the Captains, and Officers, of Eaft-India 
ihips, to begin tq examine the rates of 
\ their time-keepers, or to employ people to 
do it for them, at leaft four or five, or 
indeed fix months before the time they 
are appointed to fail, becaufe the outward 
bound voyage may generally be expe&ed ta 
laft fo long : but this is often four, five, or 
fix times as long as they know of their ap- 
pointments before the time when they are 
dire6led to have every thing on board, and 
be ready to fail. On board Ihips of war, 
which are frequently ordered out of port 

* Sec Mr. Mudgc's " Narrative of Fate," p. 22, &c. 
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on a few days notice, and remain out for 
months together, the obje6tion is ftiii 
ftronger. And in voyages of Difcovery, 
where time-keepers are more efpecially ne- 
ceffary, and in which ftiips are feldom in a 
port more than a fortnight or three weeks 
at a time, and at fea four or five months, 
they would, according to this do&rine, be 
totally ufelefs. So abfurd are aflertions, 
fometimes, when they are made to fervc 
particular purpofes; becaufe few of the 
confequences which may be drawn from 
them, * except that which they are intended 
to ferve, are confidered. 

2. It has been represented as a mattes 
of great difficulty to affign the rate which 
a time-keeper may be expe6ted to keep in 
future *• It has even been afferted that 
€i no general rule has been laid down, nor 
feems capable of being found, for afligning, 
from any number of trials, the rate which 
the watch fhall be mod likely to obferve 
in any future trial and that the commoa 
way, of dividing the whole that a watch has 
done, during a given period, by the number 
of days, and applying the quotient as a 
daily rate to be ufed in ajny period fucceed- 

* Sec the Report of Mr. Mud^c's Cupunittcc to the Houfc 
•f Com worn, p. 7. 
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ing, is certainly not a method that can 
pretend to any extraordinary exa&nefs *. 

It will be (hewn in the following tra&, 
that there is nothing more fimple in itfelf, 
or more eafily performed, than finding the 
rate, which a time-keeper goes at: and I 
affert, without fear of being confuted, that 
the rate, fo found, is fufficiently exadl for 
the purpofe it is intended for, if the time- 
keeper be fo. For every one, who is con- 
versant with aftronomical observations, 
knows that the time can be always found 
within a very fmall part of a fecond. But, 
that I may not under rate it, I will fuppofe 
that an error of half a fecond may be com- 
mitted in finding the time, both at the be- 
ginning and end of the interval which the 
rate is taken from, and that the obferver is 
fo unfortunate as to make it different ways, 
which will create an error of one fecond in 
the whole interval : this error, which few 
who are acquainted with the fubjeA wHl 
admit can happen, will only caufe an error 
of twelve feconds, or three minutes of lon- 
gitude in a voyage of a whole year, the 
rate being taken from a month, as U ufual. 
And I affert, that this is a general rule for 
finding the rate which a time-keeper is 
moft likely to go at in future. If, indeed, 

* Report of Mr. Mudgc'g Committee, p. 9. 
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the irregularities in a watch's going be very 
great, or the period in which its irregulari- 
ties return be long, or infinite, I grant that 
this method of deriving a rate is ufekfs ; 
and fo will every other method be : it is, 
indeed, impoffible to find the fum of a 
feries the terms of which bear no relation 
one to another; but the method is only 
ufelefs becaufe the watch is fo, at leaft for 
the purpofe under confideration ! It is im- 
poflible to avoid exprefling fome furprife at 
finding fuch an observation made. 

3. It has been faid that it is not well- 
agreed - what the obje£t and purpofe is 
which the taking of a rate is intended to 
anfwer*: and that among perfpns likely 
to be beft informed on the fubje6t> great 
diverfity of opinion prevails in regard to 
what ought to be taken for the rate of 
going of a watch ; and that even the fame 
perfons flu6tuate, at times, between opinions 
widely different from each other concern- 
ing it +. 

I am not in fear of being confuted 
when I aflert, that every difinterefted per- 
fon, who underftands the fubjeft, will agree 
perfe&ly concerning the purpofe which 
taking the rate of a watch is intended to 

* Report of Mr. Mudge's Committee, p. 9. 
f Ibid, p. 10. 
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anfwer, notwithftanding he may exprete 
himfelf obfcurely, or even incorre6Hy, 
in anfwering dircdtly to.queftions which 
are put to him, without previous notice, 
on fcientific fubje£ts. Queftions of {ucY\ a 
nature ought never to be put in this man- 
ner, but be given in writing; and the anfwers 
fhould be returned in the fame manner, 
after due deliberation, if corre6l informa- 
tion be expefted on the fubjeft. I am in 
as little danger of being confuted, when I 
fay that every perfon of the above descrip- 
tion, will agree alfo about the rate which 
ought to be taken of a time-keeper to go 
to fea with* But there may be, and un- 
doubtedly is, in the inftance under confide- 
ration, a material difference between the 
means which ought to be made ufe of for 
trying how far a machine is adequate to 
a certain purpofe, and in applying it to 
that purpofe in the beft manner circumr 
ftances will admit of, when the machine is 
known to be, in fome degree, imperfe£b : 
and if fo, a man cannot be faid to fluc- 
tuate between " opinions widely different,'* 
becaufe, on being alked what he thinks 
the beft method of trying how far a time- 
keeper is deferving of that name he pro- 
pofes pne method; and, on being afked, 
afterward, what he thinks the beft method 

* Report of Mr. Mudge's Committee, p. 10. 
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of applying an imperfect time-keeper to 
the purpofe it was intended for, he pro- 
poses another, fomewhat different. This, 
however, is a juft ftatement of the only 
cafe which has been brought forward to 
prove that " the fame perfons 'fluctuate 
at times between opinions widely diffe- 
rent from each other:" for, in the firft 
cafe, the opinion of the perfon alluded 
to had been afked concerning the beft 
means of trying the merits of a time- 
keeper; and in the latter concerning the 
means of finding a rate which the time- 
keeper was moft likely to conform to in 
future. The perfon, unfortunately, did not 
perceive that the queftion had been fhifted 
on him : and I am perfuaded the gentle- 
men who examined him were not aware 
that they had done it ; for, if they were, 
the inference they have drawn would be 
very uncandid. Not a fingle inftance has 
been adduced to lhew, that " great diverfity 
of opinion prevails, in regard to what 
ought to be taken for the rate of going of 
a watch, among perfons likely to be beft. in- 
formed on the fubjeft; nor does it appear 
to me that one can. 

4. It has been afferted that when ever 
a fhip touches at a port, the longitude of 
which is known, a new rate of a time- 
keeper may be obtained ; and that if a per* 
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fon land at a place where the longitude is. 
not known, though but for a few hours, 
the longitude may be determined within 
lefs than a quarter of a degree, and a new 
rate of the time-keeper found from it *. 

The falfehood of thefe affertions, and 
the ignorance they betray of the fubje6l 
they relate to, are too grofs to impofe on 
any who underftand that fubjedt; and 
would not have been taken notice of here, 
were it not that many perfons have occa- 
fion to ufe time-keepers who are not com- 
petent to determine how far fuch affertions 
are true or falfe ; and therefore may he 
tnifled by the boldnefs which they are made 

To prove the futility of the firft of 
them, namely, that a new rate of going 
may be obtained for a time-keeper every 
time a ftiip touches at a port where the 
longitude is known, I need only 1 put the 
following cafe : Suppofe a ftiip to fail from 
England, and reach the Cape of Good 
Hope in fixty days, when it is discovered 
that the longitude (hewn by the time- 
keeper is 30 minutes wrong ; or that the 
watch has erred two minutes in time. It 
will be obvious to every one, that if the 
time-keeper altered its rate immediately on 

» See the Appendix to *hc Report of tyr. lVjMge/g Com- 
mittee, p. j 20, tax. 

■ 
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leaving England, and continued to go 
uniformly afterward, it muft have altered 
its rate exadtly two feconds a-day. If it 
did not alter its rate till one-third part 
of the time had elapfed, and went uni- 
formly afterward, it muft have altered 
its rate three feconds a-day. If it did 
not alter its rate till half the time was ex- 
pired, it muft have altered its rate four fe- 
conds a-day. If not till two-thirds of the 
time were elapfed, it muft have altered its 
rate fix feconds a-day: and if not till the 
day before they arrived at the Cape, which 
is as probable as the firft fuppofition, it 
muft have altered its rate of going two 
minutes a-day ! If we conteive the watch to 
have altered its rate by degrees (which is 
moft probable ;) or if we admit the proba- 
bility, (which is no fmall one) that it might 
firft go falter and afterward flower ; or firft 
flower and afterward fafter, than it was go- 
ing at the commencement of the voyage f 
the quantity by which a rate, fo obtained, 
may be uncertain, as well as the number of 
ways it may happen, cannot be computed. 
It is eafy to conceive that fuch an opinion 
might have been advanced if a man had 
been taken by furprife, and the queftion 
had come upon him unexpectedly : but 
that an afiertion fo prepofterous, could be 
made premcditatedly, and repeatedly* after 
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the matter had been canvafled, to invalidate 
the teftimony of others, who had denied 
the pofliblity of doing it, would be fcarcely 
credible, if it did not ftand on record under 
as good authority as any in the kingdom. 

In refpedt to the other affertion, name- 
ly, that the longitude may be found, with 
certainty to lefs than a quarter of a degree, 
whenever a perfon can land, though it be 
but for a few hours ; it may be obfervcd 
that correfponding obfervations are out of 
the queftion, becaufe the longitude is to 
be determined on the fpot, for the purpofe 
of finding a new rate for the time-keeper, 
to be ufed in the future part of the voy- 
age : confequently, theory muft be reforted 
to for the time under the fir ft meridian. 
This being premifed, every aftronomer who 
knows the prefent ftate of the lunar theory, 
and has had much pradlice in obferving 
the diftance of the moon from the fun and 
ftars, will fmile at the idea of determining 
the longitude of a place with certainty^ to 
lefs than a quarter of a degree^ whenever he 
can land for a few hours. Had the Gentle- 
men, before whom this was advanced, 
been inclined to fift too narrowly into 
things, might they not have afked this 
acute obferver what occafion there can be 
for time-keepers, if this boaft be true? Or 
why it was neceflary to land to do it ? Be- 



Digitized by Google 



( XV ) 

caufe every one who knows any thing of 
the matter has long known, that " the 
motion of a (hip is no otherwife an impe- 
diment in this fort of obfervations, than as 
it renders the repetition of them more te- 
dious and troublefome to the obferver*. 
And if the longitude of a fhip can be de- 
termined with fo much accuracy, and in fo 
little time, whenever a man chufes to do 
it, furely there can be no occafion for him 
to put himfelf to the expence and trouble 
of a time-keeper. But we are told further, 
that " if they have proper inftruments they 
may determine it by Jupiter's Satellites/' 
In fixed obfervatories, where the obferver 
has every advantage and convenience, about 
nine or ten of thefe obfervations are, on 
a medium, obtained in the courfc of a 
whole year; and out of this number, fmail 
as it is, it is not unufual for fome of them 
to differ from the tables confiderably more 
than the quantity here mentioned : and if 
this be the cafe in fixed obfervatories, 
where they are certain of their time to lefs 
than one fecond; what mull the deviation 
be when this article is alfo, in fome degree, 
uncertain, and the observations made under 
many difadvantages ? 

* Sec Dr. Bradley's Letter to the Board of Admiralty 
concerning Admiral Campbell*! Obfervations, at the end of 
Mayer's Tables, 



Digitized by Google 



( xvi ) 

I have only further to add, that all the 
nccctiary tabic?, which are not found in the 
Requifitc Tables, arc added at the end : 
and it is to be noted, that when a table is 
referred to which is in the Requifite Tables, 
that book is referred to by name ; and when 
the name of that book does not occur, the 
table, then referred to, will bq found at the 
end of this work. 

The tables of equations to equal alti- 
tudes are more extenfive than any which 
have hitherto been published ; and I flatter 
myfelf will be found exceeding accurate. 
They are general ; and will be found ufc- 
ful to many perfons befide feamen. 

Throughout the whole I have had 
practice in view; and trufl: I have, in no 
mftance, contented myfelf with barely tel- 
ling my reader he muft do fuch, and fuch 
things, without explaining the manner in 
which he is to do them: knowing, from 
much experience, that inftru£tions of this 
kind, and efpecially in what relates to the 
ufe of aftronomical inftruments, cannot be 
underflood by any but thofe who are toler- 
ably well acquainted with the fubjedt be- 
fore hand : fuch do not want any inftruc-* 
tions, and will, I truft, excufe my prolixity 
when they know my motives for it. 

* 

THE 

* 
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THE 

METHOD 

OF FINDING THE LONGITUDE AT SEA, 

B Y 

A TIME-KEEPER. 



i.T HE Earth is a body compofed partly 
of land and partly of water, of a globular 
figure ; and it revolves on an imaginary 
line, paffing through its center, as an axis, 
once in the courfe of a natural day. 

2. The two points Where this imagi- 
nary axis meets the furface of the earth are 
called its poles : that which is nearcft to 
Europe being called the north pole, and the 
other is called the fouth pole. 

3. If a circle be fuppofed to cireum- 
fcribe the earth, exa£Uy in the middle be- 
tween the two poles, that circle is called 
the Equator: the circle which correfponds 
to it in the heavens, is called the Equinoc- 
tial. 

4. The Ecliptic, is that circlfc m thb 
heavens which the earth defctibes in its 
annual motion round the fan; being the 
fame with that which is apparently de- 

B 
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fcribed by the fun in a year: it cuts the 
equinoctial in two points which are diredlly 
oppofite each other. That point where 
the ecliptic cuts the equinoftial, and pafles 
to the northward of it; is called the vernal 
equino6tial point; and the other, where it 
cuts the equino6tial, and goes to the fouth- 
ward of it, is called the autumnal equi- 
no6tial point. 

5. The ecliptic is divided into twelve 
equal parts, called figns; each fign into 
30 degrees, each degree into 60 minutes, 
and each minute into 60 feconds. Every 
circle is fuppofed to be divided into 360 de- 
grees, a degree into 60 minutes, and each 
minute into 60 feconds, and fo on. 

6. The fun's longitude is an arch of 
the ecliptic, contained between the vernal 
equinoftial point and the center of the 
fun: it is expreffed in figns, degrees, mi- 
nutes, and feconds; and is given on p. II. 
of the Nautical Almanac for the noon of 
every day at Greenwich. 

7. Circles defcribed on the furface of 
the earth to pafs through both poles, are 
called meridians. The circles which cor- 
refpond to thefe in the heavens, are called 
hour-circles, and circles of right-afcenfion. 
A circle of this kind may be defcribed 
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through any place on the earth, and it is 
then called the meridian of that place 
which it is defcribed through. 

8. That arch of the meridian which 
is intercepted between any place and the 
equator, or the number of degrees, mi- 
nutes, &c. which are contained in it, is 
called the latitude of that place. 

9. The horizon is that circle which 
bounds the view of an obferver when he 
is on the fea, or an open plane. 

10. The altitude of the fun, or a ftar, 
is the number of degrees, minutes, &:c. 
that its center is above the horizon, at 
any time: when the objeft is on the me- 
ridian of the place, its altitude is the 
greateft it can have that day; and is 
called its meridional altitude. 

11. The right-afcenfion of the fun, 
or a ftar, is an arch of the equinodlial 
contained between the vernal equino&ial 
point, and that point of it which comes 
to the meridian at the fame time with 
the obje6l ; or it is the degrees, minutes, 
&c. contained in that arch. It is fome- 
times given in time, reckoning one hour 
for every 15 degrees; and is thus given 
for the fun, on page II. of the Nautical 
Almanac every day at noon, under the me- 
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ridian of Greenwich. The right-afcenfions 
of fuch ftars as are wanted in this tract are 
given in Table V. 

12. The declination of the fun, or a 
ftar, is the number of degrees, minutes, 
&c. which its center is north or fouth 
of the equinodtial. The declination of the 
fun is given for the noon of every day at 
Greenwich on page II. of the Nautical Al- 
manac j and the declinations of fuch ftais 
as are wanted in this tra6t will be found 
in Table V. 

1 3^ That part of the equator which is 
intercepted between the meridian of any 
place, and the meridian of the place where 
longitude is fuppofed to begin, or the num- 
ber of degrees, minutes, &c. contained in 
it, is called the longitude of that place. 

1 4. Formerly all Geographers reckoned 
their longitude from the meridian of the 
ifland of Ferro, the moft wefterly of the 
Canary Iflands, becaufe it was the moft 
wefterly land that was known when that 
pra6lice was adopted ; and the longitude 
was reckoned wholly eaftward, up to 360 
degrees. The Dutch, German, and fome 
other Geographers, ftill reckon their longi- 
tude in this manner; but others reckon it 
from the meridian of the capital city of 
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their bwn country, both eaftward and weft- 
ward, to 1 80 degrees; and the Englifti ge- 
nerally reckon it from the meridian of the 
Royal Obfervatory at Greenwich, becaufe 
all tables are adapted to that meridian, and 
all the computations in the Nautical Al- 
manac are made for it. 

1 5. To explain thefe things more par* 
ticularly, let ENQ^S, fig. 1. reprefent the 
earth, P the north pole, the oppofite point 
to which, or the fouth pole, falling behind 
the figure, is not feen. EAQ^will then 
reprefent the equator, which being equally 
diftant from the two poles, and they 180 
degrees afunder, mud evidently be every 
where 90 degrees from each of them. PO, 
P 15, P 30, 8cc. are meridians; PO being 
that of Greenwich, at which longitude be- 
gins according to the Englifli way of 
reckoning it, and from which it is always 
counted. 

1 6. If the point B be fuppofed to re- 
prefent the ifland of Barbadoes, PB 60 
will reprefent the meridian of that ifland, 
and the arch B 60 will be its latitude ; 
and as the ifland lies on the north fide of 
the equator, the latitude will be north : 
A 60, the arch of the equator intercepted 
between the meridians of Greenwich and 



1 
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Barbadoes, will be its longitude; which is 
weft, becaufe Barbadoes lies to the weft of 
the meridian of Greenwich. 

1 7. As the earth revolves on its axis from 
weft to eaft once in the courfe of a natural 
day, or 24 hours, it is manifeft that the 
meridian of every place on the earth will 
come oppofite to the fun once in that time : 
and becaufe that whenever the meridian of 
any place comes oppofite to the fun it is 
noon at that place, it follows that when 
the line N P A S, which is the meridian of 
Greenwich, comes oppofite to the fun it 
will be noon at Greenwich, and a new day 
will commence. It muft be farther obferv- 
ed, that as the motion of the earth on its 
axis is uniform, equal parts of the equator 
will pafs by the fun in equal fpaces of time; 
and, confequently, that one twenty-fourth 
part of it, or 15 degrees, will pafs by the 
fun in one hour. Hence, at the end of 
one hour after the time when it was noon 
at Greenwich, the meridian P 15 C, which 
is 15 degrees weft of the meridian of Green- 
wich, will come oppofite the fun, and make 
noon to all the places which are on that 
meridian, and a new day will commence at 
thofe places exaftly one hour after it com- 
menced at Greenwich. In like manner, 
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two hours after the time when it was noon 
at Greenwich, the fun will arrive at the 
meridian P 30 D, which is 30 0 . weft of the 
meridian of Greenwich, and make noon to 
all the places that are on it; and a new- 
day will commence at thofc places, when 
it is two o'clock in the afternoon at Green- 
wich : the fame re&foning will hold good 
for places which are ftill farther weft; and 
it is therefore evident, that the difference 
of longitude between any two places, bears 
the fame proportion to the difference be- 
tween the times at thefe two places that 
15 degrees bear to an hour of time. Con- 
fequently, if the difference between the 
times at two places be turned into degrees, 
minutes, 8tc. at the rate of 15 degrees to 
an hour, it will be the difference of longi- 
tude between thofe places : and it is farther 
manifeft, that if the time at the meridian 
of Greenwich be greater than the time at 
the fhip, or other place, the (hip or place 
lies to the weft of Greenwich ; but if the 
time at the (hip or place be greater than 
the time at Greenwich, thg Ihip or place 
lies to the eaft of Greenwich; becaufe the 
time of noon at that place muft have pre- 
ceded the time of noon at Greenwich. 
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1 8. Hence it appears, that to find the 
longitude of any place from another given 
one, as Greenwich, we muft find the time 
of the day at each place, take the diffe- 
rence between thefe two times, and turn it 
into degrees and minutes by allowing 15 
degrees for every hour, or one degree for 
every 4 minutes of time, and one minute . 
for every four feconds of time. 

19. The time at the fhip, or place 
where the obferver is fituated, may be 
found from an obfervation of the fun's 
altitude in the day time, or from the alti- 
tude of a known fixed ftar in the night, 
by rules which will be given hereafter : for 
finding the time at the firft meridian, many 
methods have been propofed; but two only 
have yet been found to perform it with rea- 
fonable accuracy. One is by obferving the 
diftance of the moon from the fun, or a 
fixed ftar; and the other is by means of 
a Watch, or Time-keeper : it is this latter 
method, only, which I (hall confider at pre- 
fent. But before I (hew how the time is 
to be found at the firft meridian by a Time- 
keeper, it will be neceflary to explain the 
difference between mean and apparent time; 
to fhew how one may be derived from the 
other ; and how the apparent time may be 
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found at any place where the obferver is 
fltuated. 

20. Apparent Time, called by foreign 
Aflronomers true time, is that which is 
derived immediately from the fun, either 
by obferving its tranfit over the meridian, 
which happens at the inftant of apparent 
noon, when a new day commences, or by 
obferving its altitude at a diftance from the 
meridian. 

21. Mean Time is that which is (hewn 
by good clocks or watches, properly regu- 
lated : It is fometimes called equated time, 
the reafon for which will appear prefently. 

22. As the earth revolves uniformly 
on its axis, if it had no annual motion in 
its orbit, or if that motion was uniform, 
and in a plane which is parallel to the plane 
of the equinodlial, the natural days would 
neceflarily be always of the fame length ; 
and the apparent and mean time would be 
the fame. But experience has (hewn that 
this is not the cafe, and that the time 
which elapfes between the fun's being on 
the meridian of any place, and its return 
to it again, is confiderably longer fometimes 
than it is at others. 

The annual motion of the earth is 
not perceived by us, who are upon it ; but 

c 
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it is the caufe of an apparent motion in 
the fun, the fame ^vay ; namely, eaft ward, 
and of the fame quantity: Confequently, 
when the earth, by its diurnal rotation 
on its axis, has brought any place on its 
furface oppofite to the point where the 
fun was at the preceding noon, the in- 
habitants of that place will not find the 
fun there, but will have to follow it, ftill 
farther eaftward, by a quantity which is 
equal to the fun's apparent diurnal mo- 
tion in its orbit, before the place they 
inhabit will come oppofite to it. And, as 
it has been obferved, this motion is not 
only unequal in itfelf, but rendered, appa- 
rently, ftill more fo by the obliquity of its 
direction, it is obvious the earth will have 
to follow the fun fometimes a longer, and 
fometimes a ftiorter fpace before the fame 
point on its furface will come oppofite to 
it ; and, of courfe, the lengths of natural 
days will be fometimes longer, and fome- 
times fhorter alfo. But as all good clocks 
and watches go uniformly, the mean day 
of 24 hours, which is (hewn by them, muft, 
necefTarily be always of the fame length: 
it, therefore, follows, that when the fun's 
apparent motion in its orbit is flow, and 
the earth, in cpnfequence, has a lefs fpace 
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to follow it before any given place on its 
furface comes oppofite to the fun, the fun 
will at fuch times be on the meridian of 
that place before the end of the 24 mean 
hours; and when the fun's apparent mo- 
tion in its orbit is- quickeft, and when, of 
courfe, any given place on the earth's fur- 
face has a greater fpace to follow the fun 
before it comes oppofite to it, the fun will 
not be on the meridian of that place, till 
fome time after the 24 hours are ended. 

23. This inequality in the lengths of 
natural days, is called the equation of time; 
and the quantity of it, that is, the time by 
which the fun appears to be on the meri- 
dian of any place before or after the end 
of 24 mean hours, is inferted on the fe- 
cond page of every month in the Nautical 
Almanac, for the noon of each day, at 
Greenwich. It is marked fubtratthe, when 
the fun comes to the meridian fooner, and 
addhivt when it comes to the meridian 
later than the time of mean noon, or twelve 
o'clock as it is ufually called : and the mean- 
ing is, that the quantity of time exprefled 
by this equation is to be fubtradted from 
the apparent time, or that which is imme- 
diately derived from the fun, to obtain the 
mean time, (hewn by clocks and watches, 
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in the former cafe, and added to it in the 
latter. 

If the equation of time be taken from 
24* when it is, fubtra&ive, the remainder 
will be the mean time when the fun's cen- 
ter will be on the meridian of the place : 
when the equation is additive, the equa- 
tion is itfelf, the mean time of apparent 
noon. 

PROBLEM I. 
24. To take the equation of time out 
of the Nautical Almanac, for any given 
place and time. 

RULE. 

If the time at Greenwich be not given, 
turn the longitude of the place into time ; 
and add it to the time at the given place, 
if the longitude be weft, but fubtra6t it 
from that time, if the longitude be eaft, 
and it will give the time at Greenwich. 

Take the equation of time from page II. 
of the Nautical Almanac, for the noon 
preceding the time when it is wanted, and 
alfo the difference between it and the equa^ 
tion for the day following; and fay, as 24 h 
is to this difference, fo is the time at Green- 
wich to a fourth number; which muft be 
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added to, or fubtrafted from, the equa- 
tion for the preceding noon, according as 
the equation is increafing or decreafing. 

Note. In every operation, where one 
time is to be taken from another, add 24 
hours to the time you fubtra£l from, if 
the time which is to be taken from it be 
the greater; and the remainder muft be 
reckoned from the noon of the preceding 
day. When one time is added to another, 
if the fum exceed 24 hours, take 24 hours 
from it, and the remainder muft be reckon- 
ed from the noon of the following day. . 

• 

EXAMPLE I. 

What was the equation of time on the 
27th of December, 1793, when it is 27'. 
paft 10 o'clock at Greenwich ? 

Equation of time for noon, Dec. 27th, 1793, *' S°"y 5 
24* is to 2o/',5 (daily diff.) as io h 27' is to +12 , 8 

The equation fought +2 3,3 
EXAMPLE II. 

What was the equation of time on the 
13th of November, 1793, at noon* at Cal- 
cutta, longitude in time 5 h 54' ? 

Equation of time for noon at Greenwich 15' 21", 5 

24* is to 5 h 54' as 9" (daily diff.) to + 2,2 

Equation of time for noon at Calcutta 15 23 , 7 
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example nr. 

p 

What was the equation of time on the 
14th of July, 1794* at i8 u 46' at Mexico? 

Time at Mexico, July 14th, . . . 18^46' 
Long, of Mexico in time 6 40 

Time at Greenwich, July 15th, 1 26 

Equation of time, July 15th, at noon, add 5' 29", 6 

24 h is to 5", 7 (daily diff.) as i h 26' is to + 0,3 

The equation fought, add ..... 5 29 , 9 
PROBLEM II. 

25. To find the fun's longitude for noon 
at any given place from the Nautical Al- 
manac. 

RULE. 

Take the fun's longitude from page II. 
of the Nautical Almanac for the given day, 
and its hourly motion from page III. 

Enter Tabic III. with the fun's hourly 
motion at the top, and the longitude of the 
given place in the left-hand-fide column, 
and take out the correction which ltands 
under the former and oppofite the latter: 
this corre&ion being added to the fun's 
longitude for noon at Greenwich, if the 
longitude of the place be weft, or fubtract- 
ed from it if the longitude be eaft, will give 
the fun's longitude for noon at the given 
place. 
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EXAMPLE I. 

What was the fun's longitude at noon 
on the 15th of October, 1793 , at Lima, in 
Peru ? 

Sun's longitude for noon at Greenwich 6 s 22° 34', 8 
Hourly mot. 2' 29" and long. 77 0 W. give + 12, 7 

Sun's long, for noon at Lima 6 22 47, 5 

EXAMPLE II. 

What was the fun's longitude on the 
27th of November, 1793, at Calcutta? 

Sun's longitude for noon at Greenwich 8 s 5°46',6 
Hourly motion 2' 32" and long. 88 3 E. give — 14 , 9 

Sun's longitude for noon at Calcutta 8 5 31,7 
PROBLEM III. 

26. To find the fun's declination for 
any given time and place from the Nautical 
Almanac, 

RULE. 

Take the fun's declination out of the 
^Nautical Almanac for noon at Greenwich on 
the given day, if the given time be lefs 
than 12 hours, but for the day following if 
it be more. 

Enter Table VI. of the Requifite Tables 
with the time from the neareft noon at the 
top, and the day of the month in one of 
the fide columns : under the former, and 
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oppofite to the latter, ftands the corre£Uon 
of the fun's declination on account of the 
time. 

If the fun's declination be wanted for 
noon at any other place than Greenwich, 
enter the Table with the longitude of the 
given place at the top, and the day of the 
month in one of the fide columns, again ft 
which, and under the longitude, ftands the 
correction of the fun's declination on that 
account. 

If the declination be wanted at any 
other place than Greenwich, and at any 
other time but noon, both corre6tidns muft 
be applied ; and they muft be added to, or 
fubtra&ed from, the declination for noon 
at Greenwich, according to the directions 
which ftand at the top of the column 
where the day of the month is found. 

EXAMPLE I. 

Find the fun's declination for 2i h 17' 
apparent time at Greenwich, May 4th, 

'793- 

May 4th, at 2i h 17' is 2 h 43' before noon on the 5th. 
Sun's declination for noon, May 5th, 16° 27' 34" N. 
2 h 43' before noon gives — 1 59 

Sun's declination, May 4th, at2i h i7' = 16 25 35 N. 
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EXAMPLE II. 

What was the fun's declination on thd 
19th of Auguft, 1793, at noon, in longi- 
tude 97 0 weft ? 

Sun's declination Auguft 19th, at noon . . . 12° 34' 35" N. 
97 J Weft longitude in Table VI. give . . . — 5 30 

Sun's dccl. Aug. 19, at noon, in long. 97 0 W. 12 29 5 N. 

EXAMPLE III. 

What was the fun's declination on the 
14th of October, 1793, at 34' in longi- 
tude 8 3 0 eaft ? 

Sun's declination October 14, at noon 8° 25' 26" S. 

7 h 34 afternoon in Table VI. give -f 6 54 

83" Eaft longitude in Table VI. give — 5 3 



Sun's declination at 7 h 34' in long. 83 0 eaft 8 27 17 S 

- 

PROBLEM IV. 

27. To find the mean time at any place, 
the latitude and longitude of that place; 
1 or the latitude, and time at Greenwich, be- 
ing given. 

RULE. 

Let feveral altitudes of the fun's lower 
limb be obferved when it is, at leaft, three 
or four points of the compafs from the 
meridian; Add thefe altitudes together, 
and divide the fum by the number which 
were taken, and the quotient will be the 
mean obferved altitude. 

From the obferved altitude of the fun's 
lower limb, fubtrail the dip of the horizon, 
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(Table II. of the Requifite Tables) and the 
refraction (Table I.) and add the fun's 
femidiameter, (page III. of the Nautical 
Almanac), and the parallax in altitude 
(Tab. IIL) to the remainder ; the fum will 
be the true altitude of the fun's center. 

Take the fun's declination from page II. 
of the Nautical Almanac by Problem III. 

If the fun's declination and the co- 
latitude of the ihip be one north and the 
other fouth, take their difference; but if they 
be both north, or both South, take their 
fum for the fun's meridional altitude. If that 
fum be greater than 90 0 take it from 1 8o°. 

From the natural fine of the fun's me- 
ridional altitude (Table XVII.) take the 
natural fine of the fun's true altitude at 
the time of obfervation ; find the logarithm 
of the remainder, to which add the loga- 
rithmic fecant of the ihip's latitude, and 
the logarithmic fecant of the fun's decli- 
nation; their fum, rejedting 20 from the 
index, muft be fought for in Table XVI. 
under log-rifing, and the time correfpond- 
ing to it will be the apparent time from 
the neareft noon: consequently, if the ob- 
fervation be made in the morning, the time 
thus found muft be taken from 24. hours, 
and the remainder will be the apparent 
time from the noon of the preceding day. 
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Take the equation of time from page II. 
of the Nautical Almanac by Problem I. 
and add it to, or fubtraft from the appa- 
rent time as its title direfts, and it will give 
the mean time. 

EXAMPLE I. 
January the 3d, 1793, about 2o h 45' 
latitude 16* 23' north, longitude H5°eaft, 
the following altitudes of the fun's lower 
limb were obferved : what was the true 
mean time; the height of the obferver's 
eye being 20 feet? 



7 , , Sun's decliti. Jan. 4th, noon 22° 39' 1" S, 
1 3* 15' before noon give . . • + 50 

1 1 5 0 Eaft longitude give 4 - 1 5^ 
Sun's d. at 20 h } in 1. 1 15 0 E. 22 41 49 s - 



2 7° 45 

*7 5* 
28 f 

28 7 

28 10 



139 54 



27 58,48 
+ 10,24 



28 9, 



Sun's femidiameter x6 10 

Sun's parallax in altitude . . . 8 



horizon 4'i&"\ * *l 
Refraftion 1 47 J 



Correction fun's altitude *o 24 

Sun's true altitude. 

Ship's latitude N. Secant 10. 01800 

Co-latitude 73 37 N * 

• Sun's declin. 22 4 2 S. Secant xo. 03502 

Sun's merid. alt. 50 55 Nat. fine 77623 
Sun's true obf. alt. 28 9 Nat. fine 47 1 7° 

Diff. nat. fines 30445 Log.4*4 8 3jl 
Time before noon the 4 th, 3 ° 16' 01 * Log-ruing 4- 53 6 S3 

Appa. time, January 3d, 20 43 59 

Equation of time -f- 5 3 2 

Mean time 20 49 3 1 
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EXAMPLE II. * * 

February the 3d, 1793, about half-paft 
two o'clock, latitude 15' 50' S. longitude 
162 0 E. the following altitudes of the funis 
lower limb were obferved: what was the 
true mean time ; the height of the ob- 
server's eye being 21 feet ? 

Sun's dcclin. Feb. 3d, at noon 16 0 1 7' 5" & 
2 h 30' afternoon, give • • • • — 1 46 
1 62°. Eaft longitude, give + 7 36 

Sun's dec. at 2*30' nil. 162 0 E. 16 22 55 Sv 

Sun's femidiametcr ••••••• 16 16 

Sun's parallax in altitude • • 5 

16 21 

Dip. of the horizon 4' 22" \ 
Rcfradion 041 J 5 3 

Correction fun's altitude . • • • 1 1 18 

Sun's true altitude. 
90°. 

Latitude 15 50 S. Log-fccant 10.01680 

« >' ' ' ■ 
Co-latitude . • . 74 10 S. 

Sun's declination 16 23 S. Log-fecant . .... 10.01800 



ilo 



Sun's merid. alt. 89 27 Nat. fine 99995 
True obferved .alt. 54 21 Nat. fine 81259 

18736 Log. 4. 27268 

Apparent time Feb. 3d, 2 h 28' 37" Log-riGng 4. 30748 
Equation of time . . . + 14 18 

_ 

Mean time 2 42 55 . 



ALT. 0 S I. L- 
54030' 30'' 

54 25 OO 
54 14 00 
54 03 00 
S3 57 co 
53 49 °o 

' 58 30 



54 09 45 
+ 11 18 



21 7 
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28. Having now fhewn how to find 
the mean time at the place where the ob- 
server is fituated, I (hall proceed to fhew 
how it may be found at Greenwich, or the 
firft meridian. 

If a watch, or time-keeper, be regu- 
lated to keep mean time, exaftly, and be 
fet to the mean time at the firft meridian^ 
it is manifeft tha^ fuch watch will con* 
tinue to (hew the mean time at that me- 
ridian, as long as it continues to go at the 
fame rate, whatever place it may be carried 
to : and, confequently, if a watch, fo re- 
gulated, be kept on board a fliip, it wiH 
always lhew the mean time at the firft me- 
ridian. Hence, if the mean time be found 
at the ihip, by the preceding problem, the 
difference between it and the time fhewn 
by the watch, when the fun's altitude was 
obferved, being turned into degrees and 
minutes at the rate of 15 0 to an hour, 
will be the longitude of the place where 
the fun's altitude was obferved, by Art. 1 8* 

29. It is not, however, abfolutely ne- 
ceflary that the watch fhould either be fet 
precifely to mean time at the firft meridian, 
or be regulated to keep exadtly mean time ; 
both of which might, perhaps, be difficult, 
or, at leaft, tedious to effeft* The only 
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thing which is absolutely reqliifite: in a 
watch, to render it equal to the talk of 
finding the longitude, is, that it will go 
uniformly at fome rate; becaufe the rate 
which it does go at, as well as its deviation 
from mean time at the firft meridian, may 
be readily found, as follows, and allowed 
for* 

30. Stri&ly fpeaking, the rate of a watch 
is the number of hours, minutes, and fe* 
conds, which its hands appear to have 
moved over on the dial-plate in the fpacc 
of a mean folar day; but it is cuftomary 
to call the difference between this time and 
24 hours the rate of the watch. If the time 
fhewn by the watch in a mean folar day 
be more than 24 hours, 24 hours are takea 
from it, and the remainder is called the 
rate of the watch ; which is marked fig- 
nifying that the watch gains. If the time 
fhewn by the watch in a mean folar day be 
Itfs than 24 hours, that time is fubtra&ed 
from 24 hours, and the remainder is called 
the rate of the watch; and is marked — , 
which fignifies that the watch lofes. And 
this is the fenfe which the term is to be 
Ainderftood in throughout this tfa6U 

•. - ' * v 
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PROBLEM V. 

31. To find the rate which a watch 
goes at; that is, how much it gains or lofes 
on mean time in a day, or 24 hours ; and 
how much it is too faft, or too flow, for 
mean time, at any place. 

RULE. 

The rate which a watch goes at may 
be found very readily, and with tolerable 
exa£tnefs, without the ufe of any inftru- 
ment but Hadley's quadrant, or any obfer- 
vations but that of the fun's altitude t 
which every feaman is, necelTarily accuf-r 
tonfed to make. 

Sometime before the watch is wanted, 
a month may be fufficient in moft cafes* 
obferve feveral altitudes of the fun's lower 
limb, when it is, at leaft, four points of 
the compafs from the meridian, and note 
the times when they were obferved by the 
watch. 

Add thefe altitudes together, divide 
the fum by the number of obfervations, 
and the quotient will be the mean altitude 
pf the fun's limb. Take, in like manner, 
the mean of the times by the watch. 

Corre6t the mean obferved altitude for 
the dip of the horizon, refra&ion, the fun's 
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femidiameter, and its parallax in altityde? 
and, with the altitude fo corre6ted, the la- 
titude of the place, and the fun's declina- 
tion find the mean time by Problem IV. 
. Take the difference between the mean 
time, and the mean of the times Ihewn by 
the watch, when the obfervations were 
made, and it will be what the watch was 
too faft or too flow for mean time. 

Immediately before the ftiip fails, re- 
peat thefe obfervations ; and find again 
Bow much the watch is too faft or too flow 
for mean time. Take the difference be- 
tween the mean time of the firft obferva- 

• 

tion, and the mean time of the fecond } 
alfo the difference between what the watch 
was too faft, or too flow, at thefe two 
times ; and the latter difference will be the 
lofs or gain of the watch, in the interval 
between the obfervations. Then, as the 
interval between the obfervations is to one 
day, fo is the lofs or gain of the watch, 
between the obfervations, to its lofs or gain 
in one day. * . 

EXAMPLE. 
March 27th, 1793, the following ob- 
fervations were made on board a (hip, lying 
in the Downs, latitude 51 0 13' N. and long. 
t° 37' E. for determining the rate which a 
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watch went at, the height of the obferver's 
eye being 22 feet. 



1 mies by 
the watch. 


Ait. of the 
Sun's L.L. 


l9 , 0' S 2" 

1 26 

2 21 
2 44 


11 13 30 

19 
. 2 5 3° 
3 1 J 5 
37 


9 13 


126 15 


19 1 50,6 

• 


11 25 15 
+ 7 7 


11 32 22 



Time at the ftiip • • • 19* 2' 
Longit. in timeeaft 6 

Time at Greenwich 18 56 



The fun's parallax in alt. 



Dip of *the hor. 4' 2«" 
Ret raft ion x 4 ?8 



1 6' 


4 




9 


16 


*3 


9 


6 


• 7 


7 



Sun's true- altitude. 



3 0l 7' 5" N. fun's declin. noon, on the 28th. 

— 4 56 Correction for 5* 4' before noon* 
■» 

Sun*s declin. 3 12 9 N. Secant ......... 10.00068 

Co-latitude 3847 N. Co-fecant 10.20316 

Merid. Altit. 41 co oN.S. 66804 1 , 0 T , 
True Altit. 1 1 32 22 N. S. 20004 J 4 68 9°W-4- 67 108 

5* 2' 2",o Log-rifing 4.87492 
24 



Apparent time .... 18 57 58,0 
Equation of time . . + 5 04, o 

Meantime 19 3 02,0 

Time by the watch 19 1 50,6 

Watch too flow. ... 1 11,4 

32. Again, May 3d, 1793, the fhip be- 
ing ready to fail, the following obferva 
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tions were made : the error of the qua-r 
drant being i' 5 3" to be added. 



Times by 
the watch. 


Alt. of the 
Sun's L. L. 


i8*2i'37" 
22 13 
22 44. 


1 6° 1 6' 45" 
22 

26 30 

3 1 45 
37 15 


13 41 


i34 15 


18' 22 44, 2 


16 26 51 
+ 10 15 


16 37 6 



Time at the fhip . . • 18*23' 
Longitude in time . . 6 

Time at Greenwich 18 17 



Sun's femidiameter . . . . 15* 54" 
Parallax in altitude .... 8 
Error of the quadrant 1 53 



Dip of the hor. 4' 28" 
Refraction 3 12 



x 7 55 
} 7 40 



Correction fun's altitude 10 15 
Sun's true altitude. 

> * ■ 

1 6° 10' 31" N. fun's de. noon at Greenwich. 
— 4 07 Correction for 5 h 43' bef. noon. 

Sun's dcclin. 16 6 24 N. Secant 10.01739 

Co-latitude 38 47 00 N. Co-fecant 10. 20316 

Meridian altit. 54 53 24 N.S. 81805} c „ ocL „ , 72 , QC 
True altitude 16 37 6 N.S, 28600 J 53 2 °5^<>g4. 7*595 

5 h 33' 22 "> 6 Log-rifing 4. 94650 
24 



Apparent time \ 8 26 37,4 

Equation of time ... — 3 29, 6 



Mean time 18 23 7, 8 

Time by watch .... 18 22 44, 2 

Watch too flow o 23, 6 at i8 h 23' 8" m. T. 

Watch too flow March 27th 1 11,4 at 19 302 m. T, 

Watch has gained ..... o 47, 8 in 36' 23 zq 6, or 
l",293 in a day. 



Digitized by Google 



\ *7 ) 

33 . To obtain the rate which the watch 
goes at with greater certainty, obfervations 
may be made on more days than one, both 
at the beginning and end of the interval : 
or more than one fet of observations may 
be taken on the fame day, if opportunities 
offer, and the refult of each fet of obser- 
vations, made at the beginning of the in- 
terval, Aiuft be compared with the refult 
of each of thofe taken at the end of it ; 
by which means fevcfal daily rates will be 
obtained, which may differ a little one from 
another. In this cafe, the mean of them 
all muft be taken for the true rate which 
th£ watch goes at. 

34. Obfervations made only at the be- 
ginning and end of .the interval, give the 
rate of the watch, on a fuppofition that it 
does not alter its rate of going in the time 
which elapfes between them} for if it does, 
thofe obfervations will not dete6l it. It 
will therefore be prudent to take obferva- 
tions as often as circumftances will permit, 
and find the rate which the watch has gone 
at between every two obfervations. 

35. ! have given this method of find- 
ing the rate which a watch goes at, be- 
caufe it may be put in pra&ice by every 
feaman, without introducing the ufe of any 
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inftrumfcnt, of obfervation, which he is not 
already neceflarily acquainted with ; and be- 
caufe it admits of being executed, if care and 
Ikill be exerted, with tolerable exailnefs : 
fufficient, at leaft, for the ufual length of a 
Weft-India voyage, out, or home. It how- 
ever, requires a very good inftrument, and 
care and (kill in the ufe of it : moreover, 
the utmoft exa&nefs muft be obferved in 
the calculations; and, when the utmoft 
ikill in both is exerted, it is not fufficient 
for long voyages. 

36. The moft exa£fc way of finding the 
rate which a watch goes at, and that which 
requires the leaft calculation, is the method 
pra&ifed in fixed obfervatories, where they 
have tranfit inftruments adjufted to, and 
moving in the meridian of the place. This 
method has been lately adopted by fome 
gentlemen*, in the Eaft-India Company's 
fervice, who have carried out portable tran- 
fit inftruments, for the purpofe of examin- 
ing their watches in India, before they fet 
put on their voyage home. 

. ■ 

* It wa« Jofcph Huddart, Efq. F. R. S. an Elder Brother 
of the Trinity-Houfe, and lately Commander of the Royal 
Admiral Eaft-Indiaman, a very ingenious aftronomer and me- 
chanic, wbo, I believe, introduced thi* bufincfc into tbc for- 
vicc. 
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• DESCRIPTION AND USE OF THE 
TRANSIT INSTRUMENT, 

37, A tranfit inftrument is a telefcope, 
of any convenient length, fixed at right 
angles to an horizontal axis; on which it 
turns in the plane of the meridian, or any 
other vertical circle. 

Let FE (fig. 2,J reprefent an ho- 
rizontal axis, the two ends of which, F 
and E, are perfeft cylinders, and reft on 
the frame, or fupport, A B C D, in the 
angular notches A and D. The frame 
A B C D may be of caft-iron ; but the 
notches, or Y s, A and D, muft be of bell- 
metal, and Hide in grooves, which are 
fcrewed firmly to the two upper ends of the 
iron frame. That at A has a vertical mo- 
tion, governed by the fcrew A, by which 
the end F, of the axis E F, is raifed, or 
lowered, to bring the axis horizontal. The 
Y at D has an horizontal motion, govern- 
ed by the fcrew g, to bring the telefcope to 
any mark the obferver may wifh to place it 
to; or to reftore it to that mark if it be 
found, at any time, to deviate from it# 
Thefe Ys, or notches, with the appara- 
tus which governs them, are represented 
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more diftin&ly in fig. 3 and 4, where S 
reprefents that which has the vertical mo- 
tion at A ; and T that which has the ho- 
rizontal motion at D. F and E are fedtions 
of the axis, E F, refting in them. 

38. The axis EF (exclufive of the 
two cylindric pivots, E and F,) is formed 
of two hollow conic fruftums of brafs, or 
tin; the two greater bafes meeting at W, 
where they are croffed, at right angles, by 
two other hollow conic fruftums, WG, 
W H, through which the telefcope M N 
paffes; the apertures at G and H being 
fomewhat wider than is neceflary to receive 
it. To fix the telefcope in its place, there 
are four (mall fcrews, two at the aperture 
G and two at H. Thofe at G (toward the 
eye-end of the telefcope) a£t one againft 
the other, in an horizontal dirfedtion ; one 
of them appears at b y and the other is dia- 
metrically oppofite to it, and, confcquently, 
hid by the telefcope. The two fcrews 
which are at H, (one of which appears at c) 
aft one againft the other in a vertical pofi- 
tion. Thefe fcrews have fine conical 
points ; fo that when they are forced 
againft the tube of the telefcope, they will 
form fmall conical holes in it for themfelves 
tp reft in. 



Digitized by Google 



( 3i ) 

39* Five very fine filver wires are 
placed in the common focus of the two 
' glaffes of the telefcope, exa£tly parallel to, 
and equidiftant from each other : the mid- 
die one bifecling as nearly as the inftru-* 
ment-maker can poffibly make it, the field 
of the telefcope ; and a fixth wire is placed 
at right angles to thefe, bife&ing alfo 
the field of the telefcope. This fyftem of 
wires is reprefented in fig. 5, and requires 
no farther explanation. 

40. O P Q R is a fpirit level, which 
being hung on the two cylindric ends of 
the axis F and E, by means of the an- 
gular hooks, O and R, the end F, of the 
axis, is raifed or lowered by the fcrew h % 
until the level Ihews that the axis is hori- 

■ * 

zontal. 

41. LZKI is a femicircle, divided in* 
to two quadrants of 90 degrees each, be- 
ginning at L and I, and meeting in Z, at 
90 0 . EK is an index, twifted on to the end 
E of the 3x1s, having a Vernier's divifion at 
K, which fubdivides the arch to every 3' ; 
and which is fet to 90 0 , at Z, when the 
telefcope points to the zenith. By means 
of this arch and index the telefcope may 
he fet with precifion, to the meridional 
altitude of any object, the paffage of which, 
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bver the meridan, is required to be obferv- 
ed ; whether it partes to the northward or 
fouthward of the zenith. 

42. The cylindric pivot F is perforat- 
ed, and fo alfo is that fide of the tube of 
the telefcope, which is oppofite to it; and 
within the tube, and directly oppofite this 
perforation, a plane rcfleflor is fixed, at an 
angle of 45 0 with the axis of the telefcope, 
having a hole through it, large enough to 
admit all the rays pafling from the objeft 
glafs of the telefcope. 

43. When ftars are obferved in the 
night, a fmall candle, in a flick which has 
a contrivance for fetting the candle higher 
or lower, is placed oppofite the hole in 
the pivot, the light of which falling on 
the refledtor in the tube of the telefcope, 
is thrown by it on the wires in the focus 
of the telefcope ; by which means they are 
rendered vifible to the obferver. By plac- 
ing the candle nearer to, or farther from 
the end of the pivot F, the quantity of 
light thrown on the wires may be regulat- 
ed to the wifti of the obferver. 

TO LEVEL THE AXIS. 

44. Hang the level on the axis, the 
hook O on the pivot F, and the hook R 
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oft the pivot E, and raife or lower the end 
F, by the fcrew h y until the bubble refts 
exaftly in the middle of the glafs tube. 
This being done, invert the level, hanging 
the hook O on the pivot E, and the hook 
R on the pivot F. If the bubble ftill reft 
in the middle of the tube, the axis of the 
inftrument is parallel to the horizon. But 
if the bubble do not now reft exaftly in 
the middle of the glafs tube of the level, 
turn the fmall fcrew q> which is at the end 
Q^pf the level, until you have moved the 
bubble half-way toward the middle of the 
tube, and carry it the other half by turn- 
ing the fcrew h. Invert the level again, 
hanging the hook O on the pivot F, and 
the hook R on the pivot E; and if you 
were exa6t in eftimating half the error of 
the level, the bubble will nqw reft exaitly 
in the middle of the tube, and the axis will 
be level. But if it be not, corrett half the 
error by the fcrew q 9 and the other half by 
the fcrew A, and invert , the level until 
the bubble will reft •exa&ty in the mid- 
dle of the tube, when the level is hung on 
both ways. 



F 



Digitized by Google 



( 34 ) 



TO FIX THE TELESCOPE AT RIGHT ANGLES 

TO THE AXIS. 

45. Let the fcrews at G and H be 
withdrawn till their points be barely even 
with the internal furfaces of the two co- 
nical arms WG, WH, lay the axis in the 
Y j» and place it truly horizontal by means 
of the level. Turn the axis in the Ys un» 
til the two arms WG, WH, are alfo in 
an horizontal pofition, pafs the telefcope 
through thefe arms until it be exa£tly in 
equilibrio on the axis, and then let it reft 
freely in the arms with the five parallel 
wires, as nearly perpendicular to the hori- 
zon as you can place them by your eye. 
Turn the frame which carries the inftru- 
ment round on the fcrew-pin U, until the 
middle wire, qf the five parallel ones, be on 
fome diftant, well-defined objeft, and turn 
the telefcope a little on the axis E E, not- 
ing at the fame time, whether the middle 
wire remains conftantly on the mark 
throughout the whole extent of the field 
of the telefcope. If it does not, the tele- 
fcope muft be turned in the arms WG, 
WH, until the middle vertical wire will 
remain exa&ly on the mark, when the in-? 
flrument is turned on the axis EF, through-* 
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but the whole extent of the field. Turn 
now the fcrew c> till its point prefles the 
tube of the telefcope, as it lies in the arms 
WG, W H; taking care that the telefcope 
ftill remains in the fame pofition, and that 
the middle wire will remain exaftly on the 
mark throughout the whole extent of the 
field of the telefcope, at the fame time 
that the axis FE is fhewn by the level to 
be parallel to the horizon. Being well 
allured of thefe two points, turn the fcrew 
C) till its point, by prefling againft the tube 
of the telefcope, forms a fmall conical im- 
preffion in it; and this being done, turn 
the fcrew which is oppofite to r, till its 
point alfo make a fmall impreffion in the 
tube of the telefcope; after which the 
fcrew c may be eafed, fere wing up the op- 
pofite one at the fame time, till the tele- 
fcope is brought into the center of the 
aperture at H. And it is plain, that if 
the wires have been kept, during this ope- 
ration, perpendicular to the horizon, they 
muft remain fo, as long as the fcrews are kept 
tight, becaufe the telefcope can have no 
power to turn round. Raife the end M 
of the telefcope, in the aperture G, by 
putting flips of paper under it, until it be 
m the center of the aperture : then turn 
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the fcreiv b, and its oppofite one, unt'd 
their points prefs againft, and form fmall 
conical holes in the tube of the telefcope. 
By turning the fcrew g, bring the middle 
wire, of the five vertical ones, very ex- 
aftly on to the mark which was ufed in 
fetting it perpendicular to the horizon, or on 
to any other which is fmallj and perfectly 
diftin6l : then turn the axis end for end ; 
that is, turn the pivot E into the notch A, 
and the pivot F into the notch D; and if 
the middle vertical wire be ftill exa6Hy oa 
the mark, the line of collimation of the 
telefcope is perpendicular to the axis FE. 
If the middle wire be not on the mark 
when the axis has been inverted, bring the 
wire half way toward the mark by eafing 
one of the fcrews at b y and fcrewing up the 
other ; and then bring the wire exaftly on 
to the mark by the fcrew g. Invert the 
axis EF again; that is, bring the end F 
into the notch A, and the end E into the 
notch D; and, if you were exa£t in efti- 
jnating half the diftance which the wire 
deviated from the mark, it muft now be 
exa£tly on it. If it be not, bring the wire 
half way toward the mark by the fcrew? 
at b, and the other half by the fcrew g\ 
and try, again, by inverting the axis* whe- 
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ther you have now done it right ; if yoil 

have not, the operation muft be repeated 

until the middle wire be exaftly on the 

mark, which ever end of the axis FE is 

in the notch A. 

■ 

* 

TO ADJUST THE TELESCOPE. 

46. That k, to place the eye-glafs and 
objeft glafs at fuch a diftance from each 
other, that their refpeaive/^/may co-incide : 
after which the wires are to be brought 
into their common focus. To effeft this* 
fome telefcopes have the eye-glafs and cell 
which carries the wires moveable, while 
the object -glafs is fixed : others have the 
wires fixed and the two glafies moveable. 
In the former cafe, by puftiing in, or draw- 
ing out the eye-piece, adjuft the telefcope 
fo that the fun or a planet appears perfe£Hy 
diftin<£l through it ; then move the wires 
nearer to, or farther from the eye-glafs, as 
may be required, until they alfo appear 
perfectly diftinft, and the telefcope will be 
adjufted ready for ufe. In the latter con- 
ftru6lion, pulh in, or draw out the eye- 
piece till the wires appear perfectly diftinftj 
then alter the obje£t-glafs until the fun, or 
a planet* appear perfedtly diftin£l. alfo, and, 
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the telefcope will be adjufted ready for 
ufe. 

47. As it is of importance to have the 
telefcope adjufted very exaftly in this 
refpeft, the following method of trying 
whether it be fo or not, may be pra&ifed. 

The telefcope being adjufted to diftinct 
vifion for diftant objedls, when a fixed ftar 
is on the meridian, bring the horizontal 
wire to bifeft it very exa£Hy, and the ftar 
will run along the wire through the whole 
extent of the field of the telefcope. While 
the ftar is thus running along the wire, 
move your eye a little upward or down- 
ward ; and, if the wires be not exactly in 
the common focus of the two glades, the 
ftar will appear to quit the wire when the 
eye is moved. If this be the cafe, the wires, 
or glafTes, muft be altered until the ftar 
will not quit the wire when the eye is 
moved; the objefts appearing perfectly dif- 
tin£l at the fame time* 

TO OBSERVE THE PASSAGE OF A STAR OVER THE 
MERIDIAN BY A TRANSIT INSTRUMENT. 

48. From the latitude of the place and 
the ftar's declination find its meridional al- 
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iitude *■; and a little before the time when 
it will be on the meridian +, fet the tele- 
fcope to this altitude, by means of the 
femi-circle LZI, and index EK. Apply 
your eye to the telefcope, and wait till you 
fee the ftar come into it, which will be 
(apparently) on the weft fide, becaufe the 
telefcope inverts obje6ts. Let your afliftant 
attend to the watch, and at the inftant 
when the ftar is on the firft wire, bid 
him mark the fecond, and parts of a fecond, 
when it happened ; which he mud fet 
down on a paper, ready ruled for that pur- 
pofe, and then attend again to the watch* 
When the ftar is on the fecond wire, bid 
him mark the fecond, &c. when it happened* 
as before ; which being written down, with 
the minute, proceed to obferve the inftants 
when the ftar is on every one of the other 
wires; after which the proper hour may 
be annexed. 

An afliftant is not neceflary when the 
time is taken by a clock, the beats of which 
can be diftin&ly heard by the obferver : 
indeed, the observation may be made more 

* If the latitude and declination be both north, or both 
fouth, add the co-latitude to the ftar's declination : but if one 
be north and the other fouth, take their difference. 

f This may be found by fubtra&ing the fun's right af- 
cenfion for the day, (Nautical Almanac, p. II.) from the ftar'a 
right afcenfion, (Rcquifite Tables, Tab. VJI.) 

■ 
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exactly without one. When a clock is ufed, 
the obferver, catches the fecond from the 
clock by his eye, which he then applies to 
the telelcope, telling the feconds on by his 
tar until he fees the ftar on the wire. He 
then writes down the fecond and parts of a 
fecond when it happened, and prefixes the 
minute ; after which, he catches the fecond 
from the clock again by his eye, and tells 
on by his ear until the ftar arrives at the 
fecond wire, and fo on. 

TO BRING A TRANSIT INSTRUMENT INTO 

THE MERIDIAN* 

49. Take altitudes of the fun, noting 
the times by the watch when they were 
taken: and, from thence, the latitude of 
the place, and the fun's declination, find 
the apparent time by Art. 27. The diffe- 
rence between this time, and the mean of 
the times (hewn by the watch when the ob- 
fervations were made, will be what the 
'watch is too faft, or too flow, for apparent 
time. 

If the watch be too fafly add what it 
is too faft to 12 hours: but if it be too 
flow, fubtradl what it is too flow from 1 z 
hours, and you will have the time by the 
watch, when the fun will be on the men- 
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dian, as near as the going of the watch can 
be depended on. Take the time which the 
fun's femidiameter is palling the meridian 
from page III. of the Nautical Almanac, 
and add it to, and fubtra£t it from the time- 
by the watch, when the fun will be on 
the meridian, and you will have the times 
when the fun's eaftern and weftern limbs 
will be on the meridian. 

A few minutes before the time when 
the weftern limb will be on the meridian, 
bid your afliftant tell the feconds, as they 
pafs, by the watch ; but inftead of calling 
the 6oth fecond, let him name the minute 
the watch is then at« While he is doing 
this you mud bring the fun into the tele- 
fcope by elevating it to the proper altitude; 
and turning the whole inftrument round 
on the fcrew-pin U. Having, by this means 
brought the middle wire apparently to the 
eaftward of what appears to be the eaftern 
limb of the fun, (becaufe the fun will ap- 
pear to move that way in the telefcope) 
tighten the fcrew U by turning the nut; 
and when the funs limb arrives at the mid- 
dle wire, keep it on it by turning the fcrew 
g, at the rate the fun moves, till your 
afliftant calls the fecond by the watch at 
which you had computed the weftern limb 

G 
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of the fun would be on the meridian, and 
the inftrument will be nearly in the meri- 
dian. Let your afliftant tell on till the 
watch arrives at the fecond when, accord- 
ing to your calculation, the, eaftern limb 
of the fun fliould be on the meridian; and, 
if it is not exa6tly on it, you will have an- 
other opportunity of rectifying the inftru- 
ment by turning the fcrcw g. 

50. On this, and feveral other occa- 
lions, if you have not a darkening-glafs 
fitted to the eye-end of the telefcope, it 
ivill be convenient to have a pair of fpec- 
tacles with plane dark-glafles, of different 
degrees of darknefs, inftead of lens. 

51. Having thus brought the inftru- 
ment into, or very near the meridian, its 
xeal fituation, with refpedt to the meridian, 
may be verified feveral ways ; of which I 
lhall point out two. If the latitude of the 
place be confiderable; that is, 30 degrees, 
or upward, there are a variety of . ftars in 
both hemifpheres, fufficiently bright, which 
never fet; and, confequently, may be ob- 
served at the inftrument both above and 
below the pole. Let the tranfits of fuch a 
ftar over the meridian be obferved above 
the pole, below the pole, and above the 
pok again : and it is manifeft that if the 
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time of the firft tranfit above the pole, be 
fubtrafted from the time of the fecond tran- 
fit above the pole, (adding 24 hours, if 
neceflary) the remainder will be the time 
by the watch, in which the earth (or the 
ftar apparently) makes one diurnal revolu- 
tion. It is alfo evident, that if the two 
intervals between the time of the tranfit 
below the pole, and the two tranfits above 
the pole be equal, the inftrument muft be 
exadlly in the meridian; If the interval 
between the firft tranfit above the pole, 
and the tranfit below the pole, be greater 
than the interval between the tranfit below 
the pole, and the fecond tranfit above it, 
the objeft end of the telefcope, when di- 
re&ed toward the elevated pole, lies to the 
eaft of the true meridian ; but if the latter 
interval be greateft, the obje£t end of the 
telefcope, when dire&ed toward the ele- 
vated pole, lies- weft of the true meridian. 
To correct the error, and bring the inftru- 
ment into the meridian, add 24 hours to 
the time of the latter tranfit above the 
pole, fubtradt the time of the former from 
it, and take half the remainder. Take the 
difference between this and the interval 
between the tranfits above and below the 
pole, and take half this difference. Then 
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as the time by the watch of an entire revo- 
lution is to 24 hours, fo is this half diffe- 
rence to the half difference in fiderial time. 
Add together the logarithm of this half- 
difference, the logarithmic tangent of the 
ftar's polar diftance ; and the logarithmic 
fecant of the latitude of the place, th* 
fum, rejecting 20 from the index, will be 
the logarithm of the number of feconds im 
timey which expreffes the angle made by the 
inftrument and the meridian. 

Confider what part this angle makes of 
the interval, between the wires which are 
in the focus of the telefcope *: and turn 
the inftrument, on its axis, till the tele- 
fcope points to the horizon. Look out for 
fome tolerably diftindt objedt which is cut 
by one of the wires ; and, by turning the 
fcrew g 9 remove the wire to the eaft or weft 
of this object, (as may be required) fuch a 
part of the fpace between* that wire and 
the next to it, as the angular error of the 
inftrument makes of that interval. You 
muft then proceed to examine the pofition 

* The interval between the wires in the focus of the telc- 
fcopc may be found by obferving the tranfits of one, or more 
of the ftars 5 Ccti, J Ononis, uLeonis, n or y Virginis, * An- 
tinoi, x Aquarii, x or \ Pifciiun, or an/ other liar which ia 
rery near the equator. 
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of the inftrument again, either by the fame* 
or fome other circum-polar ftar, and to cor- * 
reel it, if it requires corre6tion, until you 
get it exactly into the plane of the meri- 
dian : and when you have, a mark muft be 
fet up in the meridian, at as great a dis- 
tance from the inftrument as may be con- 
venient, or as it can be feen diftin6Hy ; and 
the telefcope muft be carefully adjufted to 
this mark before every observation. 

EXAMPLE. 

52. Admit that Capella parted th© 
tranfit inftrument, at Greenwich, Septem- 
ber 6th, 1794, above the pole at iy h 59' 
n",5, below the pole at 5 h 57' 5",6, and 
above the pole, again, at iy h 55' 2i",o: 
how much did the inftrument deviate froa* 
the meridian, and which way ? 

The difference between the times o£ 
the firft tranfit above the pole and the fe- 
cond is 23 11 56' 9", 5 j half of which is 1 i u 
58' 4 V >75« The difference between the times 
of the firft tranfit- above the pole and the 
tranfit below it, is n h 57' 54^,1 ; which is 
lefs than the time of half a revolution by 
1 o",65 ; and half of this is 5 ,325. Hence, 
the objedt-end of the telefcope, when di- 
rected toward the elevated pole was weft 
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of the meridian. As 23* 56' 9", 5 (the time 
of a revolution of the fixed ftars by the 
watch) is to 24 hours, fo is 5^,325 to 5",34. 
And as the tangent 45 0 46" 25", the ftar's 
declination, is to the fecant of 5i°28' 40", 
the latitude of the place, fo is 5^,34 to 
8"345, the angle under which the inftru- 
ment cuts the plane of the meridian, in 
time. 

53. To adjuft the inftrument to the- 
plane of the meridian, let us fuppofe that 
a ftar at the equator had been obferved* 
and found to take up 36"! in paffing from 
wire to wire, 8^,345 is about two-ninth 
parts of this quantity, or fomewhat more 
than one-fourth. Bring the telefcope to 
the horizon, and look out for fome diftin6l 
obje£l which is cut by one of the wires; 
then, by turning the fcrew g f remove the 
telefcope until the objedt which was on th& 
wire, appears to be about two-ninths, or 
nearly one-fourth of the diftance betweeiv 
that wire and the next to it toward the 
right hand : if the inftrument had been 
eaft of the meridian, the fcrew g muft 
have been turned till the objedt appeared 
to be removed, the like quantity toward 
the left-hand. In confidering the propriety 
of thefe inflations, the reader muft re- 
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member th# the telefcope inverts ob» 
jedts. 

54. This is the beft prafticai method 
that I know, for placing a tranfit inftru- 
ment in the meridian, when it can be ufed : 
but if the place of obfervation be very near 
the equator; or, if any local impediment 
prevent you from obferving circum-polar 
ftars above and below the pole, the follow- 
ing one, given by the Rev. Dr. Ma(kelyne f 
Aftronomer Royal, in the Philofophical 
Tranfadtions for 1775, Vol. LXV. may be 
ufed. But before this can be done it will 
be necefTary to fhew how to find the devia- 
tion of a fixed ftar in right afcenfion in 
time. 

55. Take the ftar's right afcenfion in 
time, and its declination, from Table IY. for 
the time when it is wanted. 

Turn the right afcenfion in time into 
motion by allowing one fign for every two 
hours, 1 5 degrees for one hour, one degree 
for every four minutes, and one minute for 
every four feconds of time. 

Enter Table V. * with the ftar's- right 
afcenfion, and take out the degrees and 

■ 

* This Tabic is Table ' VI. in Dr. Mafkclyne'* collection, 
adapted to the purpofc under confide ration. 



Digitized by Google 



■ 



C 48 ) 

minutes correfponding to it, and alfo the 
logarithm. 

Add the degrees, &c. taken out of 
Table V. to, or fubtract them from the 
ftar's right afcenfion as the figns + or — 
diredt ; and take the difference between the 
right afcenfion, fo correfted, and the lon- 
gitude of the moon's afcending node, (Nau- 
tical Almanac, p. III.) fo that the remain- 
der may be lefs than fix figns, or 180 de- 
grees. 

To the logarithmic co-fine of this re- 
mainder add the logarithm taken out of 
Table V. and the logarithmic tangent of the 
ftar's declination : their fum, rejecting all 
the tens in the index, will be the logarithm 
of the ftar's deviation in decimal parts of a 
fecond. To be added to the right afcen- 
fion in time of a northern ftar, when the 
difference between the ftar's corre&ed right 
afcenfion and the longitude of the moon's 
node is greater than 3 figns, or 90°; but it 
muft be fubtra&ed from it when that diffe- 
rence is lefs than 3 figns. If the ftar have 
fouth declination, the deviation muft be 
fubtra£tcd from the right afcenfion, when 
the difference between the ftar's corrected 
right afcenfion and the longitude of the 
moon's node is greater than 3 figns, and 
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added to it when that difference is lefs than 

EXAMPLE I. 

What is the deviation of Fomalhaut* 
September 28th, 1796? 

Star's A at the time 22 h 46' 24'' = 1 I s 1 1° 36' 
Correction from Tabic V + 4 30 

Star's corrected right afcenfion • • . • 11 16 06 
Long. 3) 's node (Naut. Aim. p. 111.) 15 6 13 

Difference 3 20 07 cof. 9. 536 

Logarithm from Table V 9. 795 

Star's declination fouth tang. 9. 774 

Fomalhaut's deviation . ( fubt. C',13 log. 9. 105 

* 

EXAMPLE II. 

What is the deviation of (3 Pegafij Sep- 
tember 28th, 1 796 ? 

Star's. A at the time 22*53' 56" = 11 s 13° 29" 
Correction from Table V -f 4 4 

Star's corrected right afcenfion .... 11 17 33 
Long. D's node (Naut, Aim. p. III.) 15 6 13 

Difference 3 18 40 cof. 9.505 

Logarithm from Table V. • 9. 797 

Star's declination north tang. p. 707 

Deviation of <x Pegafi o",i log. 9. 009 

56. Dr. Mafkelyne's method is general, 
but to avoid fome parts of the calculation 

H 
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which feamen, in general, are not accuf- 
tomed to, I fhall give it with certain limi- 
tations. 

Chufe two ftars which have nearly the 
fame right afcenfion : let their declinations 
alfo be nearly equal, neither of them Iefs 
than 25 or 30 degrees; but let one be north* 
and the other fouth, fo that their diffe- 
rence in declination may not be lefs than 
50 or 60 degrees. Moreover, let them not 
pafs the meridian before 9 o'clock, nor after 
three. Obferve the tranfit of each of them 
twice by the inftrument; from which you 
will obtain the time ihewn by the watch 
during a revolution of the fixed ftars, and 
alfo between the tranfits of the two ftar9 
over the inflrument. Reduce the time 
elapfed between the tranfits of the two 
ftars, according to the watch, to parts of 
the equator, and it will be the obferved 
difference of their right afcenfions. Take 
the right afcenfions and declinations of the 
two ftars from Table IV. for the time of 
the obfervation, corredt their right afcen- 
fions for deviation*, by Art. 55, and take 

* The mean places of the ftars are exhibited in the tables ; 
and to obtain their apparent places, which are thofe obferved, 
the mean places muft be corrected for aberration, and the equa- 
tion of the equinoctial points* as well as for deviation : but as 
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the difference of the right afcenfions, fo 
corre&ed; and if this difference be equal 
to the obferved difference of their right 
afcenfions, the inftrument is truly in the 
meridian. If the obferved difference of 
their right afcenfions be greater than the 
true, and that ftar pafs firft which is neareft 
the elevated pole; or, if the obferved diffe- 
rence of right afcenfion be lefs than the 
true, and the ftar neareft the elevated pole 
pafs laft, that end of the telefcope which 
is dire£ted toward the elevated pole is eaft 
of the meridian. If the obferved difference 
of right afcenfion be lefs than the true, 
and the ftar neareft the elevated pole pafs 
firft; or if the obferved difference of right 
afcenfion be greater than the true, and the 
ftar neareft the elevated pole pafs laft, 
that end of the telefcope which is directed 
toward the elevated pole is weft of the me- 
ridian. 

57. Having thus found which way the 
inftrument deviates from the meridian, the 

it is only the difference between the apparent right afcenfions or 
the two ftars which is wanted here, and not the right afcen- 
fions thcmfelvcs; and, as the equation of the equinoctial 
points affects the right afcenfions of all flars alike, and the 
ftars in Table IV. are fo fele&ed that each pair is equally 
affected by aberration, or nearly fo ; it will not be neceflary to 
apply theft two corrections. 
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quantity of the deviation may be found as 
. follows: 

Add the declinations of the two ftars 
together, (one being north and the other 
fouth) and the fum will be the difference 
of their declinations. 

Take the difference between the ob- 
served difference of the right afcenfions of 
the two ftars, and the apparent difference 
of their right afcenfions ; to the logarithm 
of which (in feconds) add the log. co-fines 
of their declinations, the log. cp-fecant of 
the difference of their declinations, and the 
log. fecant of the latitude of the place of 
obfervation : their fum, rejecting 40 in the 
index, will be the logarithm of the number 
of feconds in tlme y which exprefTes the angle 
made by the inftrument and the meridian. 
This being done, the inftrument may be 
brought into the plane of the meridian by 
the inftruftions given in Art. 53, 

EXAMPLE. 
Suppofe that at Barbadoes, latitude 
1 3 0 5' N. the ftar Fomalhaut, puffed a tran- 
sit inftrument at io h 24' 12", 4 by a watch, 
on the 28th of September, 1796, and that 
at io h 32' i",8 a, Pegafi paffed the fame in- 
ftrument : fuppofe alfo, that on the 29th, 
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Fomalhaut pafled the fame inftrument at 
io H 20' 22" and « Peeafi at io h 28 / u" f 2t 
How much did that inftrument deviate from 
the meridian, and which way ? 

M. of Fomal. Tab.V. 22* 46' i6",6 of |3 Peg. 22 b 53' 51", 2 

Annual variation . • + 3, 32 2, 87 

Three fourths d°. • • • 2, 48 2, 16 

Mean M. Sept. 1796, 22 46 22, 4 22 53 56, 2 

Deviation (Art. 55.) — r 1 -f 1 

22 46 22, 3 . . . , . 22 53 56, 3 

22 46 22,3 

Apparent difference of right-afccnfiori o 7 34,0 

24H 24 h 
Fom. palT. on the 29th 10 20' 22",o j3 Peg. at 10 28* 1 1, 2 

^^^^^^ 

34 20 22,0 34 28 11,2 

Fom. paff. on the 28th 10 24 12,4 10 32 i,8 

Time of a revolution 23 56 9 , 6 . . r . , . 23 56 9, 4 
The m. of the two is 23 56 9,5 
Fomalhaut pafled before (3 Pcgaii on the 28th 7' 49",$ 

on the 29th 7 49 ,2 

Mean obferved difference 7 49 ,3 

As 23 h 56' 9",5 is to 24 h fo is / 49^,3 
to 7' 5o",55, the obferved difference of right 
afcenfion : the difference between this and 
7' 34 // ,o is i6 v ,55, the quantity by which the 
obferved difference of right afcenfion ex- 
ceeds the apparent; and the ftar neareft 
the elevated pole palTed laft : confequently, 
that end of the telefcope which is dire£le4 
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toward the elevated pole lay weft of the 
meridian. 

58. To bring the inftrument into, or 
nearer the meridian, let us fuppofe a ftar 
at the equator, as before, was 36"! pafling 
from one wire to another. By Table IV. the 
declination of Fomalhaut, is 30 0 41' 36" 
and the declination of 0 Pegafi 26 0 58' 54" N. 
their fum, which is the difference of their 
declinations, is 57 0 40' 30". 

Error in M. 16 ", 55 Log. 1, 2x880 

Fomalhaut's declin. 30" 42' co-fine 9, 93442 

(3 Pegafi's declin. 26 59 co-fine 9,94995 

£)ifFerent declin. 57 41 co-fec. 10,07309 

Lat. Barbadoes 13 5 fecant 10,01142 

Error of the inftru. 1 5", 4 Log. i, 18768 

This is very near three-feventh parts 
of the interval between the wires in the 
focus of the telefcope; and therefore, hav- 
ing found an objeft in the horizon which 
is cut by one of the wires, turn the fcrew 
g until that objeft appears to be removed 
three-feventh parts of the fpace, which is 
between the wire it was on before, and the 
next to it (apparently) toward your right 
hand, and the inftrument will be in, or 
very near the meridian ; and its real pofi- 
tion may be examined by the fame, or any 
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other pair of ftars, and adjufted till you 
find it exadily in the meridian. 

TO OBSERVE THE SUN'S TRANSIT OVER. 

THE MERIDIAN. 

59. From the latitude of the place and 
the fun's declination find its meridional al- 
titude by Note 1 . Art. 48 ; and, a few mi- 
nutes before noon, fet the inftrument to 
this altitude, by means of the femi-circle 
LZI and index EK. Apply your eye (de- 
fended by a dark glafs) to the telefcope, 
and wait till you fee the firft limb of the 
fun enter it ; which will be (apparently) on 
the welt fide, becaufe the telefcope inverts 
objedls. When this happens let your affif- 
tant attend to the watch ; and, when the 
firft limb of the fun touches the firft wire, 
bid him mark the fecond, and parts of a fe- 
cond, which are ihewn by the watch ; and 
which he muft fet down, in the firft column 
of a paper that contains five, ready ruled 
for the purpofe. He muft then prefix the 
minute, and attend again to the watch. 
When the fun's firft limb arrives at the 
fecond wire, bid him again mark the fecond, 
and parts of a fecond fhewn by it ; which 
being fet down in the fecond column of his 
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paper, and the minute prefixed, he muft 
attend again to the watch. And in this 
manner the times when the fun's firft limb 
arrives at every one of the wires muft be 
obferved, and noted down in its proper 
column. The times when the fecond limb 
arrives at each of the five wires muft be 
obferved in the fame manner, and written 
in their proper columns, under thofe of the 
firft. If the wires in the focus of the te- 
lefcope be fo difpofed, that there is not time 
to obferve the firft limb at all the five wires 
before the fecond limb arrives at the firft 

* 

wire, the obfervation of the firft limb at 
the fifth wire muft be omitted, and, in this 
cafe, the obfervation of the fecond limb at 
the firft wire may be omitted alfo, as it will 
be of no ufe. 

60. The mean of the times when the 
two limbs of the fun, were at the middle 
wire will be the time of apparent noon by 
the watch; and, if the wires are equi- 
diftant, (as they ought to be) the mean of 
the two times when the firft limb was at 
the firft wire, and the latter lipib at the 
fifth wire will alfo be the time of noon. 
Alfo the mean of the two times when the 
firft limb was at the fecond wire, and when 
the latter limb was at the fourth wire will 
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be the time of noon ; as alfo the mean o£ 
the times when the firft limb was at the 
fourth wire and the latter limb at the fe- 
cond. If the firft limb was obferved at the 
laft wire, and the latter limb at the firft, 
the mean of thefe two obfervations will alfo 
be the time of apparent noon; and the 
mean of all thefe refults, if they differ, as 
they moft likely will, is the time of appa«* 
rent noon by the watch* 

TO FIND THE RATE^ WHICH A WATCH GOES AT 
BY OBSERVATIONS OF THE SUN'S TRANSIT 
OVER THE MERIDIAN. 

61. Obferve the time when the fun 
tranfits the meridian of the place, by 
Art. 59, every day at noon, or as often as 
opportunities offer. The equation of time 
♦muft then be taken from the Nautical Al- 
manac by Art. 24 ; and, if it be marked addi- 
tive, it will be the fame as the time by the 
watch when the fun's center was obferved 
to pafs the meridian, if the watch be right. 
If they differ, that difference is what the 
witch is too faft, or too flow for mean 
time : and it is too faft if the time by the 
watch be greater than the equation of time; 
and too flow if the time by the watch be 
iefs. If the equation of time Ijc fubtrac- 
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tive, take it from twenty-four hotirt, com* 
pare the obferved time when the fun's cert* 
ter was on the meridian with the remain* 
der, and the difference between them will 
be what the watch is too faft, or too flow) 
according as the time by the watch is the 
greater or the left* Thefe obfervations, 
when the voyage is expe&fcd to be of & 
ronfiderable length* ought to be continued 
for a month, at leaft: nuked, the longer 
they are continued, in all cafes, the better; 
but in this the obferver muft be governed 
by circumftances. They muft always, how- 
ever, be continued as near as poflible to the- 
time when the ihip is expedfced to fail* that 
there may be as little chance as poflible left 
for the watch to alter its rate of going after 
the observations are clofed. 

62. The times by the watch when the 
fun's center was obferved on the meridian, 
muft be written one under anotlxer, ag&inft 
the days of the month when they were ob- 
ferved ; and it is the day that began at the 
inftant when the fun's center wis on the 
meridian which is to be fet before the ob- 
ferved time; and not the day which ended 
then, as is the cuftom with feamen. Thfc 
equation of time, or its fupplement to 24 
hours, according as it is additive, or fub- 
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tra&ive, muft be fet in another column* 
againft the observed times of noon, and the 
difference between them in a third, with the 
fign + or — , according as the watch is too 
faft or too flow for mean time. This is all 
that is neceffary to be done till all the ob-* 
fervations are made. 

63. When the (hip is ready to fail, 
add a fourth column to your paper, take, 
the difference between what the watch was 
too faft or too flow on the firft day of ob- 
fervation, and what it was too faft or too 
flow on the fecond, and put it in the fourth 
column, oppofite the fpace which is be- 
tween the two numbers of which it is the 
difference. Take alfo the difference be- 
tween what the watch was too faft or too 
flow on the fecond day, and what it was 
too faft or too flow on the third ; between 
what it was too faft or too flow on the 
third, and what it was too faft or too flow 
on the fourth; and fo on. Place thefe 
differences alfo in the fourth column, op- 
pofite the fpaces which are between* the 
two numbers of which they are, refpe£ttvely, 
the difference. Thofe differences will be 
the gain or lofs of the watch in the twenty* 
four hours, which they refpe&ively ftand 
*gainft : And it muft be obferved* that th? 

* 
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watch is gaining if it be too faft for mean- 
time, and the numbers in the third column 
increafe ; or if it be too flow, and the num- 
bers in the third column decreafe : but the 
watch is lofing if it be too faft for mean 
time, and the numbers in the third column 
decreafe; or if it be too flow, and the 
numbers in the third column increafe. 

64. By making daily obfervations in 
the manner here recommended, it will be 
feen whether the watch alters its rate of 
going while it is under trial, which is ab- 
folutely neceffary to be known ; becaufe, if 
it does, all thofe obfervations muft be re- 
jected which were made before the altera- 
tion happened, and thofe only retained 
which were made afterward. 

65. H4io material alteration happened in 
the rate of thewatch'sgoing, during the time 
of trial, take the difference between what 
the watch was too faft or too flow on the 
firft day of observation, and what it wa? 
too faft or too flow on the laft, if they b$ 
of the fame. kind; that is, both too faft, 
or both too flow ; but add them together 
if the watch was too faft in one inftance. 
and too flow in the other; this difference, 
or fum, muft be divided by the number of 
tiays which elapfed between the firft and 
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3aft day's obfervations, and the quotient 
wilL be the number of feconds and decimal 
parts that the watch gains or lofes in a day. 
And it is manifeft, that if the watch be 
fafler at the end of the trial, than it was 
at the beginning, it is gaining ; and if it be 
flower, it is lofing. 

66. If any confiderable alteration hap- 
pened in the rate which the watch went at, 
inftead of taking the difference between 
what the watch was too faft, or too flow, 
on the firft and laft days, take the diffe- 
rence between what the watch was too fafi 
or too flow on the day after that, when the 
alteration in its rate happened, and what 
it was too faft or too flow on the day when 
the laft obfervation was made, and divide 
by the number of days which elapfed be- 
tvveen them. The following example will 
make this very plain. 

67. Suppofe the obferved times when 
the fun's center paffed the meridian of Bar- 
badoes, in the month of December 1793, 
were as follow ; what was the lofs or gain 
of the watch on mean time ? 
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68. Here it appears that the watch 
went confiderably fafter the three firft day* 
than it did afterward; I therefore reje& 
thefe three daysj and take the difference 
between 4 h i' 4%6, what the Watch was toe* 
faft on the fourth* and 4* 1' 49">7* what 1 it 
was too faft on the 31ft, and find it %$ 4 \u 
which I divide bj 27, the number of days 
elapfed* and the quotient, i",67°4> is the 
quantity which the watch gained on mean 
time in one day* It may be proper t6 repeat 
that the observations on the intermediate 
►days are abfolutely neceffary, though no life 
i$ made of them in deducing the rate of the 
watch's going; becaufe, without them, it 
would be inipoffible to tell whether the 
watch hid altered it* rate of going while 
under trial, or not ; and, of courfe, whe- 
ther it would be proper to make ufe 6f the 
-whole time, or only a part of it; &nd what 
-part. 

69. But notwithftanding the fimplicity 
of the calculations, and the eafe with which 
the obfervations are made, render this me- 
thod of finding the rate of a watch vaftly 
convenient in fixed obfervatorics, it is next 
fo well adapted to the (kill and opportuni- 
ties of feafaring men, in general, as fome- 
'others are; for it requires not only a con- 
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inferable degree of knowledge in pra&ical 
aftronomy, but fome time alfo, to get a tran- 
fit inftrujnent into the plane of the meridian. 
And if the inftrument be not pretty ex- 

. a£Hy in the meridian, the obferver will not 
only get the abfolute quantity of time, 
.which the watch is too faft, or too flow, 
wrong ; but will, if there be any confider- 
able change in the fun's declination, while 
the watch is under trial, determine the rate 
of its going erroneoufly alfo. On this ac- 
count it will be better to find the rate of 
the watch, by obferving the tr an fits of a 
fixed ftar; and the abfolute time by obser- 
vations of the fun's altitude, taken with 
an Hadley's quadrant, from an artificial 
horizon. For, when a fixed ftar is ufed, it 
is not neceffary that the inftrument be even 
near the meridian ; though it will be con- 
venient to plaice it as near it as a well-de- 
fined mark can be found, to adjuft it to : 
and, therefore, the inftrument may be fet 
up, and adjufted ready for obfervations of 
.ihis kind, in the fpace of an hour* More- 
over, by this method, the computations 
are ftill more fimplc than they are wheji 
the fun is made ufe of; for, having taken 
the times by the watch when any fixed ftar 

. uanfits the vertical circle which the inftru- 
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ment moves in, every day, or as often as an 
opportunity offered, and for fuch a length 
of 'time as maybe thought neceffary ; put 
thefe times one under another, againft the 
days of the month they were obferved on* 
Take the difference between the firft and 
fecond, between the fecond and third, 
and fo on; and take alfo, the difference 
between each of thefe differences and 
3' 56^,55 :* and thefe laft differences will 
be the gain or lofs of the watch on mean 
time, in 24 hours. And the watch gains, 
if the firft mentioned differences are lefs 
than 3' 56^,55; but it lofes if they are 
greater. If the obfervations have been 
made regularly every day, and the watch 
has conftantly loft, or conftantly gained on 
mean time, add the feveral gains or lofTes 
into one fum, and divide it by the numbet 

* The fixed ftars having no apparent annual motion, re- 
turn to the meridian exactly in the time that the earth makes a 
revolution on its axis ; while the fun, having been carried, 
during the earth's revolution on its axis, (bme diftancc eaft- 
ward, by its apparent annual motion in the ecliptic, will not 
return to the meridian until the earth, befide making a com* 
plete revolution en its axis, has followed it through an aro 
which is equal to its diurnal motion in the ecliptic. And aa 
this arc, on a medium, is equal to 59' 8",3, according to the 
be ft obfervtions, the mean folar day will be longer than the 
fide rial day by 3' $6'', $5, which is the time that the earth takes 
to revolve through an arc of 59' 8", 3. 

K 
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of days the watch has been under trial, 
and the quotient will be the real gain or 
lofs which it makes in one day, 

70. If the observations have been re- 
peated every day, and, on comparing them, 
the watch be found to have gained fome 
days, and loft others; take the fum of all 
the gains, and the turn of all the loffes, 
Separately, fubtra6t the lefs fum from the 
greater, and divide the remainder by the 
number of days which the watch was un- 
der trial, and the quotient will be the real 
gain or lofs of the watch in one day, ac- 
cording as the fum of the gains, or loffes, 
is greatcft. 

71. If, during the trial, the observa- 
tions be omitted on fome days, fo that two 
or more days intervene ; 3' 56^,55 muft be 
multiplied by the number of days which 
elapfe between the obfervations, and the 
difference between the times of the ftar's 
tranfit muft be compared with the product : 
the difference between them will be the 
gain or lofs of the watch in the interval 
between the obfervations; and, if this be 
divided by the number of days which have 
intervened, the quotient will be the gain 
or lofs in one day: but it is the gain or 
lofs in the whole interval which muft be 
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taken in finding the real gain or lofs of the 
watch, at the end of the trial. The fol- 
lowing example will explain the whole pro- 
cefs fully. 

72. Suppofe the times by a watch 
when the ftar Aldebaran pafled a tranfit 
inftrument placed nearly in the meridian 
of Madras, were as follow : it is required 
to find how much the watch gained or loft 
on mean time ? 



1794. 



5 Jan. 

b - 

0 - 

> - 

$ - 

U - 

o 
? 
u 



3 
4 



7 
8 

9 
11 

12 



- 17 



Obf. Times 

of the 
#'sTranf. 



22 
18 

14 

10 

6 

2 

58 

50 
8 46 

8 35 
8 31 
8 27 



9 
9 
9 
9 
9 

9 

8 

8 



i7>42 
*°>73 

*4>3 6 
28, 05 

3^48 

33*87 

53 

45> 07 
49,46 

0,17 

4, 62 

8,21 



Diffe- 
rence. 



M. 8. 



o 

3 

3 

3 

3 

7 

3 
11 

3 
3 



56, 69 
5&>37 
56,3! 
5 6 >57 
57>^i 

57* 34 
5 J >46 
55>6i 

49* 2 9 
55> 55 
5 6 >4* 



I . I Watch 

Diff. betJg a ; nS) or 

m. Sol. 6c - ] 0 fes on 
fid. Day, mcan T. 



M. S* 



s. 



3 56, 55 - °> H 
3 56,55 + o, 18 



3 

3 

3 

3 

7 

3 
11 

3 
3 



56, 55 

5 6 > 55 

5 6 > 55 

5 6 >55 
53> J o 

5 6 > 55 
49* 6 5 
56*55 
5^55 



+ °> 24 

— 0,02 

— 1,06 

— °>79 
+ 1*64 

+ o*94 
+ o, 26 

-f i>oo 
+ °>i4 



Remarks 



In 2 days 
In 3 days 
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73. Here it may be obferved that the 
fum of all the watch's 'gainings is 4',5o, 
and the fum of all its lofings is 2',oi : the 
difference between them is 2^49; which 
being divided by 14, the number of days 
the watch was under trial, will give 0^,178 
for the daily gain of the watch. 

74. The rate which a watch goes at 
is obtained this way with much lefs trou- 
ble than by any other; but the abfolute 
time is not given by it; nor, of courfe, 
how much the watch is too faft, or too 
flow, for mean time at the meridian it is 
tried under. This muft be found by ob- 
serving altitudes of the fun, immediately 
oefore the (hip fails, from the horizon of 
the fea; or double altitudes of the fun, 
from an artificial horizon, if the former be 
not open toward the eaft or weft at the 
place of observation, 

EXAMPLE. 

Admit that on the 17th, the laft day on 
which the ftar was obferved, the following 
observations were made to find how much 
the watch was too faft or too flow for mean 
time; the height of the obferver's eye 
above the fea being 27 feet* 
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Times by 
the watch. 



Alt. of the 
Sun's L. L. 



i9 h 7' S3' 

8 34 

9 *7 
9 58 

10 42 

11 22 



6)57 46 



19 9 37>7 



io° 9' o" 
16 15 

24 45 

3 2 3° 
41 00 

48 45 
— — — — 



6)172 15 



10 28 42J 



( h ) 

Appa.Time at Madras io> 23' 
Long, of Madras in T. 5 22 

Appa.Time at Green. 13 46 



Sun's femidiameter .... 16' 18" 
Sun's horizontal parallax 9 

16 27 

Dipof thehor. 4-57}" j iQ Q{ 



Reflation 



5 3 



+ 6 26i Corredt. of the fun's alt. 6 26$ 
10359 True altitude. 



Sun's dec. the 1 7th at noon Green. 20 0 38' 22" S» 
Correction for I3 h 46' fubtract 7 4 

_ . ^ _ 

Sun's corrected declination 20 21 18 S. 

9° J ~ 

Ship's latitude 13 4' 54" N. fecant 10, 01 14% 

Co-latitude 76 55 6 

, Sun's declin. 2031 18 S. fecant 10.02847 

Meridional alt. 56 23 48 N.S. 83289 1 ,0 w . 
Sun's true alt. To 35 9 N.S. 18371 J 6 49 l8 l°g« 4-81237 

Time from noon . . . 4* 52' 57",6 log-rifing 4. 85226 

24 



Apparent time 19 7 2,4 

Equation of time add 10 54, 9 



Mean time 19 17 57, 3 

Time by the watch 19 9 37, 7 

Watch too How for m.T. 8 19,6 

More fets of altitudes may be taken if <here be oppor- 
tunities for it ; by which means the deviation of the watch 1 
from mean time will be obtained with greater certainty. 
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75- As fome, however, may not wi(h 
to put themfelves to the expence of, and 
others not to be encumbered with an addi~ 
tional inftrument; and more ftill not to 
give themfelves the trouble of learning the 
ufe of it; I fhall now fhew how the rate 
of* a watch may be found, with equal accu- 
racy, by Hadley's fextant and an artificial 
horizon. • 

TO FIND THE RATE WHICH A WATCH GOES AT 
BY EQUAL ALTITUDES OF THE SUN. 

76. In the morning, when the fun is, 
at leaft, four points from the meridian j 
but the nearer to the eaft the better, place 
your artificial horizon * in a convenient 

* There are different contrivances for this purpofe ; but 
an oblong trough, filled with quickfilver, and flickered from 
the wind, is the only one that can be depended on. I have 
tried them all ; and find that the circular on«, with a bubble 
in the center, though, to appearance, perfect whtn firft made, 
foon grows ufelcfs ; the glafs which covers the fluid altering its 
figure, I fuppofc, from the prefTure of the fluid again$ it, 
Thofe which are formed by floating pieces of glafs on quick- 
filver, though filled with the utmoft care, are equally unfafe : 
for the inftant the glafs comes near any fide of the veifel it 
floats in, it lofes it horizontality, and will not recover it : the 
quickfilver muft therefore be taken out, and put in again : but 
the trouble attending this operation is the leaft part of the evil, 
for when the fun is either rifing or falling fait, the obferver will 
not readily difcovcr whether any alteration of this kind has hap- 
pened or not. The beft fheltcr for the quickfilver is, undoubtedly, 
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fituation: take a Hadley's fextant, fcrew 
the telefcope into its place, and bring the 
dark glafles to intervene, on each fide the 
horizon glafs* Having found that fituation 
in which you can fee the image of the fun* 
in the quickfilver, conveniently, bring the 
inftrument to your eye, and find the fame 
image in the telefcope : then move the in- 
dex of the fextant until you bring the 
image, refle&ed from the index glafs, into 
the telefcope alfo ; and having made it pafs 
* over, and a little way beyond the image on 
the quickfilver, fix the index by the fcrevv- 
clamp very fecurely. Place a perfon at the 
watch, and obferve carefully when the two 
neareft limbs of the two images come ex-? 
a6tly into contaft, by the increafing alti- 
tude of the fun ; and, the uiftant this hap- 

a roof formed by two plates of glafs ; the two fides of each 
being ground perfectly plane, and parallel to one another : but, 
to prevent any bad effects from their being other wife, care rouft 
be taken to put the roof on the fame way; that is, fo that the 
fame fide may be toward the obferver in the afternoon that was 
toward him in the morning* The late Mr. Reuben Burrow- 
who, whatever faults he might have, was certainly a very in, 
genious man, has recommended a piece of mufquetto curtain, 
ft retched in a frame, as a good ihelter for the quickfilver. 
Sec Afiatic Refearches, Vol. I. I have tried this mode of fliel- 
tering the quickfilver, and found it anfwer the purpofe very 
well, when the wind was not very itrong, and the fun was rea- 
fonably bright ; the fun's limb, however, is not fo diftinft as 
it is whea the quickfilver is flickered by a glafs rook 
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pens, bid your affiftant mark the fecond, 
and parts of a fecond, (hewn by the watch 
when it happens. Thefe being written 
down, and the proper hour and minute an- 
nexed to them, bid him attend again to the 
watch, while you look out for the contact 
of the other limbs of the two images* 
which, by this time, will be got one on to 
the other, and approaching to a co-inci- 
dence. They will afterward begin to fe- 
parate; and when their limbs are again 
exactly in contadt, bid your affiftant mark 
the fecond, and parts of a fecond when it 
happened: put them down, and annex the 
proper hour and minute. The fextant muft 
now be put carefully away, without alte- 
ration in any refpeft, in a place where it 
will not be liable to be difturbed ; and an- 
other fextant, or as many of them as are 
at hand, may be taken one after another, 
the fame obfervations made with them, and 
the fextants put away with the fame care 
till the afternoon. 

77. Eftimate as near as you can, the 
time from noon when the laft obfervation 
was made, allowing for the equation of 
time ; and a little before that time in the 
afternoon fet out your horizon, take the 
fextant which the laft obfervation was 
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made with in the morning* dire& the tele- 
fcope to the fun's image in the quickfilver, 
and if it be near the time of observation, 
the image from the index glafs will be in 
the telefcope alfp ; and a little attention 
will (hew you that the images approach 
each other. Watch carefully till their 
neareft limbs come into contact, and the 
inftant they do bid your affiftant mark the 
fecond, and parts of a fecond Ihewn by the 
watch. In the fame manner mark the fe- 
cond and parts of a fecond, when the ima- ' 
ges having paffed over each other, their 
limbs are again in conta6b at their fepara- 
tion; which, as well as the fecond and 
parts, when the former contact happened, 
with their proper hours and minutes an- 
nexed muft be written down, oppofitc the 
obfervations made with the fame fextant in 
the morning. And the firft obfervation 
in the afternoon muft always be written 
oppofite the latter morning obfervation ; 
and the latter evening obfervation oppo- 
fite the firft morning obfervation. 

79. Repeat thefe obfervations with each 
of the fextants which were ufed in the 
morning, fetting the obfervations oppofite 
the obfervations made with the fame fex- 
tant in the morning ; the firft in the after- 

I 
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noon againft the latter morning one as be- 
fore ; and you will have as many fets of 
observations, two in each fet, as you ufed 
fextants. 

80. When you fix the index to the 
arch by the clamp, before the morning ob- 
servation, it will not be amifs if you fet the 
index very exa6Uy f to fome even divifion 
by means of the tangent fcrew ; and note 
what divifion it was fet to againft the ob- 
fervation made with that fextant. When 
this precaution is taken, you may examine, 
before you begin to obferve in the after- 
noon, whether the index has been altered 
by any accident or not, and if it has, it 
may be placed to the fame divifion again. 
But if it be found that any one of the fex- 
tants has been altered, the observations 
made with that fextant fhould be ufed 
with caution; and rejedted if they be found 
to differ from thofe made with the others, 
notwithftanding the index of fuch fextant 
may have been reftored to the proper divi- 
fion before the afternoon observation. 

8 1 . The moft proper time for making 
thefe obfervations, is when the fun is nearly 
due eaft and weft. When, therefore, fe- 
veral obfervations are to be taken, it will 
be prudent to begin before the fun comes 
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to the caft point of the horizon, in the 
morning, when it can be done ; but not 
before fix o'clock, nor before the fun is 
8 or 10 degrees high : indeed, too implicit 
a confidence muft not be placed in obser- 
vations made at thefe altitudes, if there 
be any material difference between the 
heights of the thermometer at the times of 
the morning and evening observations. 

82. In order to deduce the time of 
noon from the observations, and by that 
means determine how much the watch is 
too faft or too flow for mean time, add 24 
hours to the time of the laft obfervation in 
the afternoon, and take the time of the 
firfl observation in the morning from it, 
the remainder will be the interval between 
the observations. Take the half of this 
interval, and add it to the time of the 
morning observation, and it will give the 
time of apparent noon nearly. Take the 
fun's longitude for noon at the place of ob- 
servation, from page II. of the Nautical 
Almanac; with which, the latitude of the 
place, and the half-interval between the 
observations, take the equation to equal 
altitudes from the tables at the end of this 
work ; and add it to, or fubtracl it from the 
time of noon, nearly, as the figns annexed 
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to the fun's longitude diredt, and it will 
give the time of apparent noon by the 
watch, according to this pair of obferva- 
tions. Repeat the operation with each pair 
of obfervations which may have been made, 
and you will have as many times of appa- 
rent noon by the watch as there are pairs 
of obfervations, which ought all to agree 
exaftly ; but as that can feldom be expeft- 
ed, and as there will generally be fome 
fmall differences between them, the mean 
of them all muft be taken for the time of 
apparent noon by the watch. 

• 

EXAMPLE. 

Admit that on the 25th of Auguft, 
1793, the following obfervations of equal 
altitudes were made at Quebec. 



Ther- 
mome- 
ter. 


Morning. 


Afternoon. 


Idou. Alt. 


Ther- 




H. M. 8. 


H. M. s. 


0 / 


mome- 
ter. 


56" . 
58 • 


- 
► 

> 


x 9 26 53>9 

19 30 2, 3 

20 4 25, 6 
20 7 36,0 


4 35 43> 3 
4 32 35> 7 
3 5 8 H>6 

3 55 5>° 


}45 00 
}57 3° 


67 0 
68 


U. L. 
L. L. 
U. L. 
L. L. 
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Upp. Limbs 


Low. Limbs 


Upp. Limbs 


Low. Limbs 




H. M. S. 


H • M • 8 • 


H. M. 3. 


H. M. S. 




28 35 43»3 
19 26 53,9 


28 3* 35»7 
19 30 2,3 


27 58 14,6 

20 4 25, 6 


*7 55 5»o 
20 7 36,0 


Aftcrn. obfcr. 
Morn, obfcr. 


9 8 49,4 


9 2 33i4 


7 53 49>° 


7 47 *9»o 


Interval. 


4 34 *4i 7 


4 3 1 l6 »7 


3 5 6 54, 5 


3 53 44> 5 


Half interval. 


0 1 18,6 
+ 18,3 
- 1.. 


0 1 19, 0 
+ i8»a 
- 1,2 


0 1 20, 1 
+ 171 » 
— *»5 


0 1 20, 5 
+ 17,0 


Noon nearly. 
Equa. Ta. I. 
Equa. Ta. II. 


0 1 35' 8 


0 1 36, 0 


0 1 35>7 


0 1 -56, 0 

35»7 
3 6 iQ 
35*8 


True time of 
noon by the 
watch. 


• 

■ 






4) i43» 5 





Time of noon by the watch o* i'35",9 

Mean time of appa. noon (Naut. Aim. p. II.) o 1 35, 3 

Watch too faft for mean time oo, 6 



And in this manner it may be found 
how much the watch is too faft or too flow 
for mean time, every day at noon when 
equal altitudes of the fun can be obtained ; 
and, from thence, whether the watch gains 
or lofes, and how much, as in Art. 68. 

PROBLEM VI. 
83. To find the longitude at fea by a 
Time-keeper. 

RULE. 

Obferve the altitude of the fun's limb, 
either in the morning or evening, when it 
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is, atMeaft, three points of the compafs 
from the meridian, and note the time when 
it was obferved by the Time-keeper. 

Multiply the daily rate of the watch 
by the number of days, which have elapfed 
fince that on which the laft obfervation 
was made for finding it, and add the pro- 
duct to the time (hewn by the watch when 
the fun's altitude was obferved, if the watch 
be lofing, but fubtradt it from that time if 
the watch be gaining. To the fum, or re- 
mainder, add what the watch was too flow, 
• or fubtra6l from it what the watch was too 
faft for mean time at the place where its 
rate, was found, on the day when the iafl 
obfervation was made for finding it, and 
the refult will be the mean time at that 
place when the fun's altitude was obferv- 
ed. To this time add the longitude of the 
place in time where the rate of the watch 
was found, if it be weft; or fubtradt the 
longitude in time from it, if it be eaft, and 
the fum or remainder will be the mean time 
at Greenwich. 

To this time find the fun's declination 
by Problem III. and corredt the obferved al- 
titude of the fun's limb for the dip of the 
horizon, refra&ion, parallax, and femi- 
diamctcr; with which, the latitude of the 
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fliip, and the fun's declination, find the 
mean time at the fhip, by Problem IV. 

Take the difference between the mean 

■ 

time at the fhip, and the mean time at 
Greenwich, and it will be the longitude of 
the fhip in time ; eaft, if the time at the 
fhip be greater than the time at Greenwich, 
but weft if it be lefs. 

EXAMPLE I. 

After having found the rate of a watch 
to be gaining 1^67, as in Art. 68, and that 
it was too faft for mean time at Barba- 
does, on the 31ft of December, 1793, by 
4 h i' 49",7 ; let us fuppofe that on the 
4th of February, 1794, in the afternoon f 
latitude 44 0 26' N. the following obfen? 
vations were taken : what was the longi- 
tude of the (hip ; the height of the ob- 
server's eye above the furface of the fe$ 
£>eing 2 1 feet ? 



( 8o ) 



Time by 
thcWatch 


Alt. of the 
0's L. L. < 


5- *' 5 i" 

3 44 

4 40 

5 49 


9-1/15" 
9 8 45 5 
8 $9 30 i 
8 50 00 


4)i7 4 


36 15 30 1 


5 4 x6 
4 2 4^ 


9 3 5* 
+ 6 15 ( 


1 1 28 

3 S 8 45 


9 10 7 J 

1 

1 


5 0 *i 



Time-keeper too fall Feb. 4, 



H. M. S. 



2 48,* 



• • • 



RcfradUon 



'22" 1 
48 \ 



x6 25 
10 10 



■f 6 1 5 Correction of the fun's altitude 6 1 5 



Mean time at Greenwich, 



Sun's declination for noon at Greenwich j6° 3' 24" S. 
Correction for time at Greenwich . . . . • — 331 



Sun's correct declination » • 15 59 S3 S. 

« » 

Ship'slatitude 44 26 N. fecant , 10.14626 



Co-latitude 45 34 

Sun's declin. 10 00 S. fecant • 10. 01 7 13 

Merid. altit. 29 34 N.S. 49344 ^ , . 

Sun's obf. alt. 9 10 N.S. 15931/ 334*3 ^S- 4-5*393 

Appa. time at the fhip 3*56' 29" Log-rifing 4. 68734 
Equation of time, add 14 261 

Mean time at the (hip 4 10 55 
Mean time at Green. 5 o 13 



Longitude in time o 49 18 = 12° 19J W. 
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EXAMPLE II. 

March 29th, 1794, latitude 55 0 9% N. 
the following obfervations were made to 
determine the longitude by the fame watch. 



Time by 

_ I ITT 1 

thcWatch 


Alt. of the 
0's L. L. 


i8* 8' 30" 
9 28 

10 26 

11 27 

12 32 


1 1 27 15 

34 45 
42 00 

49 3° 
58 00 


5)5* *3 


5)211 30 


18 10 28,6 
4 4 '7» 5 


11 42 18 
+ 7 *9 


14 6 it 
3 58 45 


" 49 37 




18 4 c6 





H. M. ff. 

T.-kccper too faft Dec. 31,1 793, 4 1 49,7 
GaintoMar.29, 1 794—1", 67 x88J d . +" 2 27,8 

Time-keeper too fall Mar. 29, 4 4 17,$ 



Sun's femi-diameter 

Sun's parallax in altitude • • 



16' 3" 
9 



16 12 

Dip of the horizon 4' 22" 1 Q r „ 

Refraction 431 J 8 ^ 

Correction of the fun's altitude 



7 *9 



Longitude of Barbadoes, W. 
Mean time at Greenwich. 



Sun's declination for noon at Greenwich 3° $%'oo"N* 
Correction for time at Greenwich . • . . . — 5 49 

3 52 11 N. 

. 10.24313 



Sun's correct declination 
90 0 oo' 

Ship , slatitude5S 9} N. fecant 

Co-latitude 34 50^ 

Sun's declin. 3 52^ N. fecant , 



ia 00099 



Merid. altit. 38 42* Nat.S. 62530 1 T M A 

Sun's obf.alt.T, 49? Nat. S. 20496/ 42043 L ° g ' ± 62 * 6 * 

Log-ruing 4.86781 



4 h S9 9' 
24 

Appa. time at the (hip 19 051 
Equation of time + 4 32 



Mean time at the fliip 10 5 23 
Mean time at Green. 18 4 56 



Lpngitutfe in tieie 



1 o 27 = 15* 6'J Eaft, 
M 
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THE 

EXPLANATION and USE 

OF THE 

TABLES of EQUATIO NS 

TO 

EQUAL ALTITUDES. 



IN the Nautical Almanac for 1773, the 
Commiffioners of the Board of Longitude^ 
were pleafed to publifti a fet of " Tables of 
Equations to Equal Altitudes," which I had 
computed, principally for amufement, during 
the many dreary hours I pafled on the coaft 
of Hudfon's Bay in 1768, and 1769, That 
Almanac has long been out of print, and 
of courfe the tables are not to be procured ; 
which has induced many gentlemen who 
are employed in, or amufe themfelves with 
pra&ical aftronomy, to wi0i I would re- 
print thenu In computing the tables which 
were publiftied in the Nautical Almanac I 
made ufe of interpolations ; and, before I 
reprinted them, I was defirous of knowing 
how far thefe interpolations might be de- 
pended on: I therefore employed fuch of 
the Boys who are under my care at ChriftV 
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Hofpital, as I found capable, in recomput- 
ing them, during their leifure hours; and 
the tables which I now offer to the public, 
have been entirely recomputed with the 
utmoft rigour : Every computation was 
made by two Boys, feparately, and at dif- 
tant times ; and the whole has been com- 
pared, and revifed where any difference ap- 
peared, by myfelf. I have alfo, now, given 
the equations in feconds and decimal parts; 
which renders them more convenient than 
they were before ; and, in fome degree, more 
accurate. 

« 

In calculating thefe Tables I adhered to 
the formula which I made ufe of before; 
namely, the change in the fun's delination, 
(during half the interval between the ob- 
fervations) multiplied by the co-fecant of 
the fneafure of that half-interval, multi- 
plied again by the tangent of the latitude 
of the place of obfervation, ± the faid 
change in the fun's declination, multiplied 
by the tangent of the fun's declination, 
and multiplied again by the co-tangent of 
the meafure of the half-interval*. The 

* It is thus inveftigated. Let PZC, Fig. 6, reprefent 
the meridian of the place, P the derated pole ; Z the zenith, 
AC F the almicanthcr the fun is on* at the time of obfervation, 
£ the fun's place at the morning obfervation. F its place* 
■when the obfervation. was made in thp afternoon, and AGI> 
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numbers in Table I. are formed by multi- 
plying the change in the fun's declination 

the parallel of declination which the fun was on at the 
middle of the interval between the obfervations, and which cuts 
the almicanther in A and H. Defcribe the hour circles PA, 
P B, P H, PF ; and bifeft the angle B P F, which is the mea- 
fure of the interval between the obfervations, with the hour- 
circle PKG, and it is raanifeft that the angle BPG is the 
meafure of half the interval between the obfervations ; which 
being added to the time (hewn by the clock or watch when the 
morning obfervation was made, will give the time when the fun 
was on the hour-circle PKQ: but the fun was on the meridian 
P Z C at the inftant of apparent noon ; confequently, the mea- 
fure of the angle Z P G is tlje equation, which muft be ap- 
plied to the middle time between the two obfervations, to give 
the time of apparent noon by the clock or watch. It is more- 
over manifeft from the figure itfelf that when the fun is in the 
afcending figns ; that is, while it is approaching the elevated 
pole, the time of apparent noon precedes the middle time be- 
tween the obfervations ; and, confequently, the equation mnft 
be fub.tr acted from the middle time to give the time of appare nc 
noon : and when the fun is receding from the elevated pole, the 
equation muft be added to the middle time to give the time of 
apparent noon. 

As the variation of the fun's declination in the firft half- 
interval is never fenfibly different from its variation in the 
latter, the angle A P B will, evidently, be equal to the angle 
HPF; and, confequently, each of them is equal to ZPG, 
the equation fought : make P K=P Z, and defcribe the great 
circles KA and KB: then, in the fpherical triangle BKP r 
the two fides B K, K P, may be conlidered as being conftant, 
while the fide PB, which is the complement of the fun's declina- 
tion varies ; and it is evident, that while P B varies the quantity 
BI the angle Z PB is altered by the quantity BPA, which ha» 
been fiiewn to be equal to the equation fought. Now, by 
Art. 256, of Simpfon's Fluxions, or Theorem 23 of Cotes de Efti~ 
matfonc Errorum i* mixtt Matbrfi, the <B PA : BI # (the change in 
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during half the interval between the obfer- 
vations by the co-fecant of the meafure of 
that half-interval, and turning the pro- 
ducts into time, at the rate of 1 5 degrees to 
an hour; the tangent of the latitude, which 
is found in the firft part of the £ormula f 
being left out of the calculation to render 
the table general for all latitudes ; confe- 
quently, the numbers taken out of this 
table mull be multiplied by the tangent of 
the geographical latitude ; and,, if that la- 
titude be fouth, it will change the fign of 
the equation, becaufe the table is adapted 
to northern latitudes. 

The fecond part, which confifts of the 
continual products formed by multiplying 
the change in the fun's declination during 

the fun's declination) : : cotan. < B : fin. B P. Confequcntly, 

B I x cotan. <B 
< B PA Jin - BP * ^ Ut n 18 ^ icwn ky writers on 

fpherical trigonometry, that, putting i for thp radius, the cotan. 

# ^ fin. PBx cot. PK , cof. PBx cof. <P * c . 

of <B = jT-— — r; r± 7 — • Therefore the 

iin. < P fin. < r 

WTl A BJ x fin.PB x cot. PK^ BIxcof.PBxcof^P 
<B P A— fin. PB x fin. < P fin. PBx fin. < P. 

Or, dividing by fin. P B, and putting the cofecant of <P for 

1 cofine 
fin. < * P * in the firft tcrm » cotang. for in *" ccon,i 

term, we obtain <BPA=BI x co-fec. <P x cot. PK± 
B I x cot. PBx cot. < P : in which, B I is confidercd as 
affirmative when PB, the fun's diftance from the elevated pole, 
{s increafing ; and negative when it is decreafing. 
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half the interval between the observations, 
by the co-tangent of the meafure of that 
half-interval, and by the tangent of the 
fun's declination, is common to all lati- 
tudes; and thefe produ&s, turned into time, 
are contained in Table II. 

Thefe tables may be made to depend 
either on the fun's longitude or its decli- 
nation; but as the fun's declination is liable 
to fome objections, and no advantage can 
be obtained by ufing it, I have made them, 
depend on the fun's longitude, as ufual. 

The method of taking numbers out of 
the tables will be beft explained by an ex- 
ample: 

Let the fun's longitude be 2 s 13 0 43^ 

The half-interval 5* 17' 16" = $ u 

And the latitude of the place 51 0 £i' N- 

Firft in Table I. if the fun's longitude 
be fuppofed 2 s io°, the equation for the 
half-interval 5 h 10' will be 7^,44; and for 
the halfcinterval 5 1 * 2,0' it will he 7^,62 ; ths 
difference is o",i& Now 10' is to 7^3 as 
o"*i8 is to 0^,13; which being added to 7^44^ 
the former of them, becaufe the equation 
increafes, gives 7^,57 for the equation when 
the fun's longitude is 2* 1 0°. 

If the fun's longitude be taken z % 1 5% 
i^e equation will be 5^,65, fuppofiog the 
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half-interval 5* 10', and 5",78, fuppofing 
it 5 h 20' : the difference is o",i3. And 10 
is to 7', 3 as 0^,13 is to o",09 ; which be- 
ing added to the former, gives 5^74 for 
the equation when the fun*s longitude is 
% % 15°. The difference between this and 
7",57, the equation wheii the fun's longi- 
tude was fuppofed 2 1 10% is i // ,83. And 
300V (5 0 ) » to 223', (3 0 43') as 1^,83 is to 
i",36: which being fubtra&ed from 7^57 
becaufe the equation decreafes this way, 
leaves 6",2i for that part of the equation 
which is contained in Table I. But this 
number muft be multiplied by the tangent 
of the latitude (5i°3i'N.). I, therefore, 
find its logarithm, in Table XVIIL of the 
Requifite Tables, which is 0.79309, and 
add to it 0.09965, the tangent of 51 0 31', 
in Table XIX, which makes 0.89274, the 
logarithm of 7 ' / ,8i in Table XVIII, the firft 
part of the equation ; which ifcuft be fub- 
trafted from the middle time becaiife the 
fign in the table is — . If the latitude had 
been fouth, it would have changed the fign 
to +* 

In Table II. fuppofing the fun's lon- 
gitude to be 2 8 io° the equation is 0^,65 
when the half-interval is 5* io', a*d o",53 
when it is 5 h 20'; the cUfferejjce is o r ',i*« 
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And 10' is to 7^3 aso'>i2 is to 0 ^09; which 
being fubtra&ed from o",65, becaufc the 
equation decreafes, leaves o",56 for the 
equation when the fun's longitude is z\ io°. 
Again, the fun's longitude being taken 
2 s 1 5 0 , the equation will be 0^,5 1, when 
the half-interval is 5 h Io', and o",42 when 
it is 5 h 20' ; the difference between them is 
o",09. And io / is to 7', 3 as o",o9 is to 
o f \oy; which being fubtra£ted from 0^,51, 
leaves o",44 for the equation when the 
fun's longitude is 2 s 15 0 . The difference 
between 0^44 and 0^,56 (the equation 
when the fun's longitude is z s io°) is o",i2. 
And 300', (5 0 ) is* to 223', (3 0 43') as o",i2 
is to 0^,09 ; which being taken from o",56, 
becaufe the equation is decreafing this way 
♦ alfo, leaves 0^,47 for the proper equation 
from Table II. which is additive to the 
middle time, becaufe the fign in the tabl# 
is +. And the difference between this and 
7",8i> the equation from Table I. (becaufe 
they have contrary figns), namely, 7^,34 
is the equation fought: fubtradtive, be- 
caufe the greater part is fo. 

Another example will make every 
thing relative to thefe tables perfectly plain 
to the meaneft capacity. 

* On ^he7th of O&ober 1793, the fol- 

N 
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lowing times, when the fun had equal al- 
titudes were obferved at the Cape of Good 
Hope, latitude 33 0 56' S. longitude 18 0 23' 
eaft. 



Ther- 
momc. 


Lower 
Wire. 


Middle 
Wire. 


Upper 
Wire. 




57° { 


a!' 3 8",8 
25 31 ,2 


2 i h aa' 32^,6 
21 26 24 ,4 


2 3 '26",0 

27^7 »8 


©? U L. } Morn - 


6i» | 


33 11 > a 
37 3 > 2 


2 32 17 ,6 
2 36 9 ,8 

1 


3 1 *4 »4 
35 16 ,6 


©*g L. L. \ 



Sun's Upper Limb. 


II • M. S. 


if. M. S. 

2 3°" 9. 8 
*4 


H. M. s. 


* 37 3»2 


2 35 1 6,6 
2 4 


37 3» 2 
21 21 38,8 


26 36 9,8 

21 22 32,6 


26 35 16,6 
21 23 26,0' 


5 15 24,4 


$ -3 37,1 


S " 5©^, 


2 37 42,2 


2 36 48,6 


2 3$ 55.3 


»3 59 21,0 

,2 


23 $9 21,2 


2 3 59 *!»J 



>3 



23 59 21,13 



Sun's Lower Limb. 



H. M. S. 



2 33 11,2 

2 4 



26 33 11,2 
21 25 3 r »* 



5 7 40,0 



2 33 50,0 



H. M. S. 



2 3* »7>* 

24 



26 32 17,6 

21 26 24,4 



5 5 53.2 



* 3* 5<S,6 



a. h. s. 



2 31 24,4 T. of aft obs. 



24 [Add. 

26 31 j4JAf.obs.-l-2 
2i 27 i7»* T.ofroor.o 



5 4 6.6 Interval. 



2 3* 3»3 



23 59 21,2 23 59 21,0*23 59 21,1 



T. n. nearly. 



Sun's long, for noon at Greenwich, October 7th 6* 14° 39',© 

1 8° 2 3' E. longitude under a' 28" (hourly motion 0) gives ... — 3,0 



Sun's longitude for noon at the Cape 



6 1 4 36,0 



rhe mean : and ah 34' 52*Vj is the mean half-interval. 



firft ; i*i T^ble I. with 0's long. 6* io° and half-interval ah 30' the equa. is + 15"j9* 

0's long. 6 10 and haif'intervalat^o' the equa. is «f 16 ,08 
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Now io' is to 4'f , as o",i 6 is to o",o8 ; 
which being added to 1 5"*92, becauftP the 
equation increases with the interval, gives 
+ 1 6",oo for the equation when the fun's 
longitude is 6* io°. Again, 

O's long. 6 s 15 0 half-int. 2 b 30' the equa. will be + I5",7i 
O's long. 6» 1 5 0 half-int. 2 h 40' the equation is + 15 ,87 

The difference is o ,16 

And 10' is to 4'!, as o",i6 is to o",o3 ; 
which being added to i5",7*j gives 4-15^,79 
for the equation when the fun's longitude is 
6' 15°. The difference between this and 
i6",oo, the equation when the fun's longi- 
tude was 6' 10% is o",2i. Then 300', (5 0 ) 
is to 276^, (40 36') as o",2 1 is to o'\\<)\ 
which being fubtra&ed from i6,"oo, be- 
caufe the equation decreafes this way, gives 
+ 1 5^,8 1 for the equation from Table I. 
But this number mud be multiplied by 
the tangent of the latitude (33 0 56' S.) 
I therefore find its logarithm, which is 
1. 19893, and add 9.82790 (the tangent of 
the latitude) to it; and the fum (1 .02683) 
will be the logarithm of io",64, the firft 
part of the equation ; which is fubtraitive, 
becaufe the latitude being fouth changes 
the figu from + to — • 
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In Table II. fuppofing the fun's longi- 
tude to be 6 s io° and the half-interval 
2 h 30' ; the equation will be - 0^87 ; and, 
if the longitude remain the fame, and the 
half-interval be taken 2 h 40', it will be 
',85. The difference is o v ,o2 ; and 10' 
is to 4'; is o",o2 is to o'^oi ; which being 
fubtra&ed from — o",87, becaufe this part 
of the equation decreafes as the half-interval 
increafes, gives — o",86 for the equation, 
when the fun's longitude is 6 s io\ If the 
fun's longitude be fuppofed 6 5 15% the equa*- 
tion will be — 1^,29, when the half-inter* 
val is 2 h 30', and — i",26 when it is 2 h 40'. 
The difference between them is 0^,03 ; and 
io' is to 4f is 0^,03 is to o",oi ; which be- 
ing fubtrafled from— 1^29, gives — 1 /7 ,23 
for the equation when the fun's longitude 
is 6 s 1 5 0 . The difference between this and 
— o",86 (the equation when the fun's lon-> 
gitude is 6 s io°) is 0^,42 : and 300", (5 0 ) is 
to 276', (4 0 36') as o",42 is to o",39 ; which 
being added to — o ',86, becaufe the equa- 
tion increafes this way," gives — i,''z5 for 
the fecond part of the equation. And the 
two parts being added together, becaijfe 

they are both — , gives — if',89 for the 

• > 
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whole equation. This being fubtra6led 
from 23 11 59' 2 i",i 3, the time of noon 
nearly, gives 23 11 59' 9^24 for the true 
time of apparent noon by the watch. 

■ 

The equation of time for noon at Green, is — 12' 19 ",3 
And24 b :i h 14'Oon.intime):: i6",7(d. diff.) o ,8 



Equation of time for noon at the Cape ... — 12 18 ,5 

Which being fubtrafted from 24 h 

Leaves the mean time of apparent noon = 23 47 41 ,5 

Time of noon by the watch 23 59 9,2 

■ 

Watch too faft for mean time 11 27, 7 

REMARK, 

When the clock s rate of going differs 
very confiderably from mean folar time, and 
great accuracy is required, the half-interval 
muft be corre6ted according to the follow- 
ing proportion, viz. As the time fliew by 
the clock in 24 hours is to 24 hours, 10 is 
the half-intervjd by the clock to rli- h.af- 
interval in mean folar time. An J, w en 
the equation is found, it muft be re • ed 
into time of the clock's rate of frcinr, by 
faying, as 24 hours is to the li r.. fi \vn 
by the clock in 24 hours, fo is tiie -s ua- 

1 
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tion found by the preceding dire&ions. to 
the equation required in this cafe. But 
unjefs Very great accuracy be infifted on* 
and the clock's rate of going differ more 
thon 4 or 5 minutes a-day from mean f©lar 
time, this correction can never be necef- 
far)'. 
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Table I. Equations to Equal Altitudes, 97 



0*8 Long. 


Half Interval between the Observations. 


H. M. 


H» M» 


H. M. 


H. M. 


H. M. 


H. M. 


H. M. 


1 . 3P 


i« 4 0 


I. 50 


FT n 

11* 0 


IT 

11. 10 


TT 

11* 20 


TT 

11. 30 


S. D. 
O—O 

5 

10 

iS 
20 

»s 


s. 
*5> 47 

»S» X 9 
14,90 

141 5* 
14,02 


s. 

>S-S7 
15, 48 

15, 28 
*4» 99 

14, OO 

14, 10 


S. 

15,68 

'5. 58 

»Si38 
15,09 
14,69 
14,20 


s. 

*5» 79 

•S»7° 

*5» 5° 
15,20 

14, 80 
1413 1 


S. 

»5> 92 

«S»83 
15, 62 

*s» 32 

14, 92 
14,42 


S. 
16, 06 

x 5.97 

'S* 76 

15,46 
15.05 

l 4>55 


S. 
16, 21 
16, 12 

1 S.9 1 

15,61 
15,20 
14,69 


I — 0 

s 

JO 

'S 

20 

»5 


»3»44 
12, 76 
1 1, 99 
Il« 12 
10, 16 

9, 12 


>3» S3 
12, 84 

12, 06 

11,19 

10, 22 

9»»7 


13,62 

! *»93 
12,14 

11,27 

10, 29 

9»a3 


»3»7a 

! 3» °3 
12, 23 

".35 
x °.37 
9>3° 


*3» 83 
131 '4 
ia . 33 
11,44 
10, 46 

9*38 


*3»9S 

J 3»2S 
12,44 

11.54 

"MS 
9,46 


14,08 

J 3>37 
12, 56 

11,65 

10,65 

9.55 


II — 0 

S 

10 

*s 

20 


7»99 
6,78 

S» 5 1 
4,18 

2,8l 
1,41 


8,04 
6, 82 

5>SS 
4,21 

2, 83 
1,42 


8, 09 
6,87 

S»59 
4* *4 
a, 85 

*>43 


8,15 
6, 92 

St 6 3 
4»a7 

2, 87 

W44 


8,22 
6, 98 

S» 6 7 
4i3° 

a, 90 
1,46 


8, 29 

7. °4 

5»72 

4*34 
2,92 

i.47 


8,37 
7. 11 
S.78 
4.38 
2,9s 
1,48 


III + O 

s 

10 

*S 
20 

*s 


O, OO 
1,41 
2, 8l 

4t'7 

$♦ 49 
6,75 


0, 00 
1,42 
2, 83 
4,20 

5» S a 
°» 79 


0,00 

i>43 
2,85 

4» 3 3 

5> S 6 
6,84 


0, 00 

i»44 
2,87 
4,26 
5,60 
6,8 9 


0, 00 

i>4S 
2,89 

4»29 

5» 6 5 

6.95 


0, 00 

i.47 
2,92 

4*33 

5. 70 
7,01 


0, 00 
1,48 

2»9S 
4.37 
S»7S 
7.07 


IV + 0 
5 

10 

is 

so 

*S 


7» 94 
9t 06 
10, 09 

Hi 03 
1 1, 89 
12,65 


7»99 
9, 11 

10, 15 

11, 10 

11,96 

12,72 


8,05 

10,22 
1 1, 18 
12, 04 

I2,8i 


8, 11 
9>24 
10, 30 
11, 26 

I*, 13 
12,91 


8,17 

9»3 a 
10,38 

' x »35 
12,23 

13,01 


8,24 
9,40 
10,47 

n>45 
12,33 

»3. ia 


8,3a 

9.49 

IO »57 
11,56 

12,45 
»3.a5 


V 4- 0 

s 

10 

*s 

20 

as 


13'J 1 
13, 88 

»4»35 
»4* 74 
*S» °3 
1 5» 32 


13,40 

*3»97 
<4i 44 
*4»83 
15,12 

'5»3 l 


»3.49 
14,07 

«4»54 

Ui93 
15,22 

»S'4i 


l 3> S9 

*4> x 7 
14,65 

15,04 

'S»33 
x 5» S3 


13.70 
14, 28 

14.77 
15, 16 

15,46 
X 5. 6 S 


13,82 
14,41 
14, 90 

I S» 3° 
x 5» 59 
iS»79 


*3»95 

14. 54 

15. °4 
iS» 44 
X S» 74 
*5.94 


j VI 4- 0 [15,31 


x 5> 40 


iS»S« 


i5> 


iS.75 


15,89 


16,04 
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98 Table I. Equations to Equal Altitudes. 



Half Interval between the Observations. 



O's Long. 


H. M. 


H. M. | H. M. 


H. M. 


H. M. 


H. M. 


H.M. 


L. 40 


II. 50 


III. 0 


Til 

III.IO 


T T T 


III.30 


* » • 

III.40 


s. D. 
O - o 

5 

10 

i5 
ao 

*5 


s. 

16,38 

16, 28 
16, 08 

! 5»77 

»5»35 
14,84 


16, 56 
16, 46 
16,25 

«5»94 
15,00 


s 

l6 ,75 
16,65 

16. j. j. 

16, ia 

*5, 70 
ifc'7 


s. 

16, 96 
16,86 
16,64 
16,3a 
15,89 

15,36 


s. 

i7» 18 
17, 08 
16, 86 
16, 54 
16, 10 
i5> 56 


S. 

17,42 

1 7» 3 2 
17, 10 

*6»77 
16,32 

'5,78 


S. 

*7, 6 7 
'7,57 

l 7»35 
17,01 

16,56 

16,01 


I - 0 

5 

10 

*5 
ao 

*5 


14,2a 

1 a, 69 

"•77 
">>75 
9,<>5 


l 4>37 

! 3» 6 5 
1 2. 83 

1 1,90 

10,87 

9> 7° 


>4» 54 
13,81 
ia, 98 
12,04 
1 1, 00 

9.87 


'4,7* 
13,98 

»3» '4 
12, 19 

11,14 
9»99 


14,9a 
*4* 17 

I2, 35 
u,a8 

10, 12 


J 5,*3 
14,36 

»3»49 
1 a, 52 

"»44 
10, 26 


X *3S 

r 4,$7 
13,69 

12, 70 

1 1 ,61 

10,41 


II - 0 

5 

10 

15 
ao 


8,46 
7> »8 
5» 8 4 

4> 43 
2,98 

1*50 


8,55 
7, 26 

4,48 

3» QI 
*,5* 


8,65 
7*35 

4» 53 
3»o5 
x »53 


8,76 

7»44 
6, 04 

4, 59 
3»°9 
',55 


8,87 

/» 5+ 

6, 12 
4*65 

3» r 3 
'•57 


.8*99 

7* 6 4 
6, a 1 

4»7* 
3»'7 
*»S9 


9>i2 

7* 75 
6,30 

4, 78 
1,62 


HI + 0 

5 

10 

'5 
ao 

2 5 


0,00 
*,49 

4, 42 
5,81 

7> '4 


0,00 

»»5i 
1,01 

4,47 
5,87 
7, 22 


0, 00 
*»53 

4,5 a 
5»94 
7,3* 


0,00 

3,08 

4,57 
6, 02 

7» 40 


0,00 

M7 
3» 1* 

4*63 
6, 10 

7» 50 


0, 00 

»>59 
3, 16 

4i 70 
6, 18 

7,60 


0,00 
1,61 

3» 21 

4,77 
6,27 

7,7i 


IV + 0 

- 

5 

10 

l S 
ao 

a c 


8,41 
9, 59 
10,68 
1 1, 68 
12, 58 
1 3» 38 


8, 50 
9, 69 
10, 80 

11, 81 

12, 72 

! 3»53 


8,60 
9, 80 

11,94 

1 a, 86 
r 3> 6 9 


8,71 

9»93 
11, 06 

12,09 
12. 86 


8, 82 
10, 06 

U,20 
12,25 

'3» *9 

14, O4 


8, 94 
10, 20 
11,36 
1 a, 42 

3° 
*4» *3 


9»°7 
i°i34 

",S3 
12,60 

»3i57 
*4»44 


V + 0 
5 

10 

1 5 
ao 

*5 


14,09 
14,69 
15,20 

15,60 
15,90 
16, 10 


14, a4 
14,85 

I 5»3° 

l 5,77 
16,07 

16,28 


14,41 

1 5, <>3 
*5» 54 

'5»95 

16, a6 

16,47 


14. 59 

15, ai 

*5>73 
16, 15 

16, 46 

16,67 


14, 78 

I 5»4 l 
!5»94 
16,36 
16, 68 
16, 89 


14, 98 
i;,6a 
16, 16 
16, 59 
16,91 
17, 12 


15,20 

'5» 8 5 
16,39 

16,83 

17, 16 

*7»37 


VI + 0 


[16, 20 


16,38 


*<M7 


16,78 


17, 00 


'7**3 


17,48 



Table I. Equations to Equal Altitudes.- 



Half Interval between the Observations. 



O's Long. 


H. M. 


H. M, 


H. M. H. M, 


H. M. 


H. M. 


H. M. 


III.50 


IV. 0 


IV. 10 


IV.20 


IV.30 


IV.4C 


) IV. 50 


S. D. 

O - o 

5 

10 

15 
20 

2 5 


s. 

17.94 

17. 84 
17, 62 

17,27 
1 6} 82 

16, 26 


s. 

18,23 
18,13 
17,90 

! 7»55 
17,09 

16, 52 


s. 

18, 54 

1 8, 44 

l8, 2C 

'7»3« 
16, 80 


s. 

18,87 

18,77 

Iff 

18, 53 
18,17 
17,69 

17, 10 


s. 

19, 22 
£9,12 

18, 88 

18,51 

18, 02 

17.42 


S. 

1 9, 60 

19. 49 
10,25 

18,87 

18,37 
17. 76 


S. 

20, 0 1 1 
19. 89I 

19» °4 

19, 26 

18, 75 
18, 12I 


I - 0 

5 
10 

»5 
20 


r 5» 59 

t 4, 00 

12,90 

n»79 
i°.57 


15,84 

iS»°4 
! 4» '3 

• 

13,11 
11,98 
10, 74 


16, 1 1 
1 c, 20 

M»37 

f 3»33 
12, 18 

i°>93 


16, 40 
1 c* c6 
14,63 

! 3»57 
12, 40 

n, 12 


16, 70 

15.86 

14, 90 

13,82 

12, 63 

11.33 


17. 03 
16, 17 

15. 19 
14, 09 

12, 88 
H.S5 


17.38 
16, $o| 

i5» 5°| 
14.38I 

'3. '4j 
11.79] 


11 - 0 

5 

10 

20 
*5 


9,26 

7.87 
6,40 

4.85 

3>*7 
1,64 


9>4» 
8, 00 

6, 50 

4»93 

3*3* 
1,67 


9»57 
8, 14 
6,61 
5,01 

3»37 
i,7° 


9> 74 
8, 28 
6,72 

5» 10 
3' 43 
!»73 


9. 93 

8,43 
6,85 

5,20 

3. 5° 
1,76 


10, 12 
8,60 
6, 99 

• * * 

5»3° 
3.57 
i.79 


IO >33| 
8,77 
7»i3| 
5.4i| 
3.M 
'.83I 


in + 0 
5 

10 

1$ 
20 

25 


0,00 
1,64 
3.26 
4,84 

6 .37 
7»8 3 


0, 00 
1,66 

3»3 X 
4, 9 2 
6,47 
7»9 6 


0, 00 
1, 69 

3' 37 

6,58 
8, 10 


0, 00 
1, 72 

3.43 

5.09 
6, 70 

8,24 


0, 00 
1,76 

3» 5° 

6,' 82 
8.39 


0, 00 

i.79 

3» 5 6 

5» 2 9 
6, 96 

8, 56 


o,ool 

1,831 

3» 6 3| 
5. 4o j 

8,73j 


IV + 0 

5 

10 
l S 

20 


9,21 
to, 50 
1 1, 70 
12,79 
78 
14,66 


9*3° 
10, 63 

1 1,89 

13,00 

14,01 

14,90 


9? $2 
10, 86 
12, 10 
1 1* 1 1 

14.25 

1 S» 1 5 


9,69 
1 1,05 
12,31 

I "5. a6 

14, 5° 
15,42 


9.87 
1 1, 26 

12. 54 
!3»7i 
14.77 
i>7i 


10, 06 
1 1,48 
12, 79 
13,98 
15,06 
16, 02 


10,27! 

".7i| 
i3»°5| 
M,27| 
1 $71 

16,35 


V -r 0 

5 
10 

*$ 
20 

25 


15, 44 
16, 10 

16, 64 

17,09 

17,42 

17,64 


15,69 
16,36 
16, 91 

*7»37 
17, 70 

r 7»93 


15,96 
16,64 
17, 20 

17. 67 

18, oc 
18,23 


16,24 

16,94 

'7.51 
17,98 

! 8, 32 

18,56 


16, 54 
17,26 
17, 84 

18,31 
t9 ft- 

18,91 


16,86 

17.59 
18, 19 

18,67 

19,04 
19,28 


17. 21 

17.95 
18,56 

1 9, 06 j 
i9» 431 
i9. 6 7| 


VI + 0 


«7w5 


18,04 


18,3$ 


18,68 


19,03119,40 


i9» 79| 
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ioo Table I. Equations to Equal Altitudes. 



O's Long. 



e 

a. 




o 


— o 




5 




IO 




'5 




ftO 




*5 


I 


— o 




5 




IO 




J 5 




20 




a 5 


11 


— o 




5 




10 




*S 




20 




a 5 


III 


+ o 


• 


5 




10 




H 




20 




a 5 


IV 


+ o 




5 




10 




is 




20 




a 5 


V 


+ o 




5 




zo 




x 5 




20 




a 5 



VI 



Half Interval between the Observations. 



H. M. 




H. M. 


V. 


o 


V. 10 


V. 20 


s. 




s. 


s. 


20, 


44 


20, OO 


21,38 


2G, 


3 s 


9 t r 


21, 2C 


20, 


06 


20, 51 


20,99 


*9» 


°7 


20, 1 1 


20, 58 


It 


16 


i9»59 


20, 05 




il 


»8.93 


*9»37 


*7» 




18,15 


i9,57 




8S 


J 7» 2 3 


! 7> 0 3 




8 3 
69 


16, 19 


'°»57 


*4> 


15,02 


*5»37 


*3> 


42 


i3»7a 


14,04 


13, 


04 


13,31 


»3, 59 



+ o 
— 



10 

8 

7 

5 

3 
1 



o 
1 

3 

5 

7 
8 



10 
1 1 

*3 
14 

X S 
16 



*7 
18 

18 

J 9 

l 9 
20 



55 
96 

28 

53 
7» 
87 



00 

87 
71 
5 1 

*5 

92 



49 
96 

33 
57 
70 
70 



10, 78 11, 03 



9» 16 
7, 44 
5> 6 S 
3, 80 
1,91 



o, 00 
1,91 

3»79 
5» 6 3 
7,4* 
9» Ia 



58 

34 
96 

47 
84 
09 



">>73 
12, 23 

*3» 6 3 
14,90 

16, 05 



9»37 
7,62 

5,7S 
3,89 
i»95 



0,00 

*>9S 
3, 88 

5» 77 
7» 59 
9»33 



17,98 

r*>75 

*9»39 
19, 90 

29, 28 

20, 54 



20 ? 22 20,67 
1 1 W 



XO,98 
12,52 

x 3>94 

f $»*5 
16,42 

'7,47 

18,40 
19, 18 
19,84 
20, 36 
20, 76 
21,02 



21,15 



H. M. 



V. 30 



S. 

21, 90 
21,77 
21,50 
21,08 
20, 54 
r 9 , 84 



19, 02 
18,06 
16,97 

*5>74 

14, 3 8 
12,90 



11,30 
9,60 
7,80 

5»92 

3>9 8 
2,00 



o, 00 
2,00 

3»97 
5,9» 
7*77 
9,5° 



11,25 
12, 82 
14, 28 
15, 62 
16, 82 
17,90 



18,85 
19,64 
20,32 
20, "86 
21, 26 

*M3 



21,67 



H. M. 



V. 40 



H. M. 



V. 50 



S. S. 
22,46 23,05 
22, 32 22,91 



22, 04 
21, 62 
21,06 
20,34 



19, 50 
18,52 
17, 40 
l6, 14 

*4»7S 
f 3»*3 



n» 59 
9,85 
8,00 
6, 07 
4, 08 
2, oc 



x 9»3 a 
20, 14 

20, 84 

**»39 
21,60 

22,08 



22,22 



22, 02 
22, 19 
2I,6l 
20,88 



20, 02 
19,01 
17,86 

IO >57 
15* '* 
i3» 58 



11,90 
10, 11 

8,21 

°»»3 

4, 19 
2, 10 



o, 00 
2, 10 
4t*8 

6, 22 
8,l8 
IO, 06 



11,84 

*3»49 
i5»°4 
16, 43 

x 7»7* 
18, 84 



»9i 8 3 
20,67 

21,39 

21,90 

22,38 

22, 66 



VI. o 

s. 

»3, 6 9 

2 3» 55 

a 3> 2 5 
22, 80 

22,21 

2r,4b 



2 o,57 
l 9>53 
l8 »3S 

'5,5 6 
13,96 



12,23 

IO »39 
8, 44 

6,41 

4,3* 
2, 16 



0,00 
2, 16 

4,3° 

6 ,39 
8,41 

10,34 



12, 16 

13,86 

»5»45 
16,89 

18, 19 
**3 6 



22,81 



20,38 
21,25 

21,97 

32, 56 
23,00 
23,29 



23,44 
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Digitized by Google 



102 Table I. Equations to Equal Altitudes. 



O * s Long. 


Half Interval between the Observation*. 


H. M. 


H» M. 


H« M. 


H« M. 




H. M. 


H. M. 


II. 40 


II. 50 


III. O 


III.IO 


111.20 


III.30 


III.40 


S. D. 
VI + o 

5 

JO 

'5 

20 


S. 

l6, 21 
l6, 20 
16, 08 

'5.8; 
1 5» 55 

i5»n 


S. 

16,38 

i°»37 
16, 26 

16,04 

*5.72 
15,28 


S. 

16,57 
16, 56 
16,45 
16, 23 
15,90 

15. 46 


s. 

16,78 

i6»77 
16,65 

16* 43 
16,0c, 

i5. 6 5 


S. 

I7,O0 

l6,99 
16,37 

16,64 

i6,3 c 
,5,86 


s. 

17.23 
17,22 

17, 10 
16,87 

16, 53 
16,08 


S. 

17. 48 

i7» 47 

'7>35 

17. 12 

10, 77 
16,31 


VII + o 

S 

10 

*5 

20 

2 5 


H,57 

I 3» I 3 
12,24 

* • 

it, 24 
10 > 13 


»4,73 
14,06 

«3»27 

ft* r% *m 

i'»36 
10,24 


14, 90 
14,22 

'3>4 a 

11,49 
10,36 


15,0s 
14, 40 

*3» 59 
12,07 

11,63 
10,48 


15,28 
14, 59 

¥ 1 

n»79 
10, 62 


l 5»49 
'4»79 
i3»96 
13,02 
1 1,96 

io,77 


'5.72 
15,01 

14, 17 
13, 21 

12, 13 
10,93 


VIII + o 

5 

IO 

'5 

20 

25 


8,91 

7» 59 
6, 19 

4»7 J 

3»i« 
1,60 


9,01 

7>°7 
6, 26 

4, 76 
3»2i 
1,62 


9, 11 
7.7 6 

6,33 
4,82 

3»2 5 
1,64 


9,22 
7,86 
6,41 
4,88 

• * 

3» 29 
1,66 


9.34 
7. 96 
6,49 
4, 94 

3>33 
1,68 


9» 47 
8,07 
6,58 
5,01 

3» 38 
1,70 


9,61 
8,19 
6,68 
5, 08 
3.43 
*.73 


IX - o 
5 

IO 

>5 

20 

25 


0, 00 
1,60 
3»' 8 

4*72 
6, 21 
7,62 


0, 00 
1, 62 
3»2i 
4, 77 

6,28 

7> 70 


0, 00 
1,64 
3,25 
4, 83 
6 »35 
7» 79 


0, oc 
r,66 
3»28 
4, 89 
6, 43 
7» 89 


0, 00 
1, 68 

3»33 

6, 51 
8, 00 


0. 00 

1, 7° 
3.38 
5, 02 
6, 60 
8, 11 


0, 00 

'.73 
3.43 

6, 70 
8, 23 


X - o 
5 

10 

'5 

20 

«5 


8.95 
10, 19 

11,32 

12,34 

i3» 24 

f A f~o 
14, O3 


9» °5 
10, 30 

11,44 

12, 48 

'3. 39 

f A 1 fi 

14, ib 


9, 15 
10, 42 

11,58 
12,62 

»3> 54 
4 4> 35 


9»27 

">>55 
it, 72 

12, 77 
'3*7» 
*4» 53 


9>39 
10, 69 

11,87 

12, 04 

13,89 

»4» 72 


9*52 
10,83 

12, 04 

12, 12 

14,08 

14, 92 


9,66 
10,99 
12,21 

13, 
14, 29 

i5» *4 


XI - o 
5 

10 

'5 
ao 


14, 70 

15, 26 

* 5> 7 1 
16, 04 

16, 26 
l6 »37 


14,86 

»5» 43 

15. 8& 

16, 21 
16, 44 

'6, 55 


15,04 
15,61 
16, 06 
16, 40 
16, 63 
1 6, 74 


'5. 23 

15, 80 
16, 26 

16, 60 
16, 83 
16,95 


i5»42 
16,01 

16,48 
16,82 
*7>o5 
'7. '7 


l 5» 6 3 
1 6, 23 

16,71 
17,06 
'7.2 9 
i7»4i 


15. 86 
16,47 
16,95 

17.3 1 
17. 54 
17.66 


XII - 0 


16, 381 


16, 56 


l6 »75| 


16, 96 


17, 18 


'7.4*1 


17.67 
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O's Lone. 



s. 
VI 



D. 

+ o 

5 
10 

*5 
20 

»5 



VII + o 

* 

5 

10 

*5 
20 

*5 



VIII + o 
5 

10 

» 

20 
*5 



IX - 



o 

S 
10 

1 5 

20 

2 5 



X - 



o 

5 

10 

1 5 
20 

*5 



XI - o 

5 

10 
20 

*5 

XII - o 



Half Interval between the Observations. 



H. M. 


III.SO 


S. 




1 7i 


75 


l 7i 


74 


'7> 


62 


i7i 


39 


*7» 


°3 


16, 


56 


I c. 






24 




39 




41 


12, 


3 1 


1 II 


09 


O. 


-6 


8, 


3* 


6, 


78 


$1 


16 


3> 


48 


i, 


75 


0. 


WW 


I, 


75 


3i 


48 


5i 


»7 


65 


80 


8, 


36 




81 




16 


12, 


40 


13. 


52 


Mi 


5 1 




37 


16] 


1 1 


1 6, 


7* 


»7» 


21 


»7i 


57 


*7, 


81 


*7» 


94 


«7>9S 



H. M. 



IV. o 



8,04 
8,03 

7»9i 
7,°7 

0/S2 



H. M. 
IV.IO 

S. 

'8,35 
18,34 
18, 22 

*7»97 
17, 60 

, 11 



2 17 



6, 22 

5,49* 
4, 62 

3» 6 3 
2,51 

i»*7 



9,9* 
8,45 
6,89 

5»*4 
3» 54 
1,78 



0,00 

1,78 

3» 54 
5, 26 

6,91 

8, 49 



9>97 
V34 

2, 60 

3»74 

4, 74 
5, 62 



6 »37 
6,99 

7» 49 
7,86 

8, 10 
8, »3 



18,24 18 



H. M. I H. M. 



IO, 
2, 

3> 
4, 

3» 



M 
54 
82 

97 

99 
8 9 



6, 

7» 
7» 
8, 
8, 

8, 



65 
28 

79 
16 

41 



IV.20 



16, 49 

1 3» 75 
M» 87 | 
13, 86 

12,72 

11,46 



S. 

8,67 
8, 66 

8,54 
8,29 

7,92 
7,42 



6 » 79 
6,03 

5,4 

4, 1 1 

2 »95 
1,67 



10,27 

8,75 
7, M 

5\43 
3,66 

1,84 



0,00 
1,84 
3* 66 
5,44 
7» i° 
8,79 



o,3 2 

i,74 

3»°S 

4, aa 
5,26 

6, 17 



1V-3Q 
s. 

19, 02 
19, OI 

18, 88 
18,63 
18,25 

'7>75 

17, 11 
16,33 
15,42 

M, 37 

13, '9 
11,89 



10, 46 
8,92 

7,*7 

'5» 53 

3,73 
1,88 



0,00 
1,88 

3,73 
5, 54 
7,29 
8,95 



6,95 

7, 59 
8, 10 

8,48 

8, 74 
8,8 



54f *P>P7 
551*8, 86 



o, 51 
1,96 

3» a 9 
4, 49 
»55 
47 



H. M. 



!V. 4 o 



S. 

19, 40 

*9»39 

J 9, 2 5 
18, 99 

18,61 

18, io 



17,44 
16,65 

1 5* 7 2 
14,65 

13,45 
12, 12 



10, 66 

9, °9 
7,4i 

5,°4 
3,8o 

1,91 



0,00 

i»9* 
3»8i 

5» 6 5 

7, 43 
9, 12 



7,26 

7,92 

8,44 
8,83 

9,09 

9,22 

19, *3 



10, 72 
12,20 

'3»$5 
4, 77 
1 5, 86 

*6»79 



17,60 
18,27 
18, 80 
19, 20 

19, 4° 
19, 60 

19,61 



H. M. 



IV. 5 o 



s. 
19, 80 

l 9» 79 
19,65 

19,38 

1 8, 99 

'8,47 

17, 80 
16, 99 
16, 04 

M»95 
*3» 73 
I2 ,37 



10, 88 
9,^7 
7, 5° 

5,7" 
3,88 

i,95 



0,00 

i,95 
3,89 

5,77 
7» 59 
9»3i 



10,94 
12, 45 

*3» 83 
15,07 
1 6, 18 

17, M 



17,96 
18,65 

19, 19 

■9» 59 
19, 86 

20, 00 

20, 01 
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104 Table I. Equations to Equal Altitudes. 



Half Interval between the Observations. 



0't long. 


H. M. 


(I* M. 


H . M . 


H. M. 


H. M. 


H. M . 


H. M. 


V. 0 

1 


Y» 10 


V. 20 


V. 30 


V. 40 


V. ro 


VI. 0 


S. D. 

VI + o 
• 5 

10 

15 
20 

a 5 


s. 

20, 22 
20,21 
20,07 
19, 80 I 
IO« lO 

18, 86 


s. 

20,67 

»o, 66 
20, 52 

IQ% 8l 

7* J 

I9#28 


s. 

21,15 

21, 14 
21,00 
20,71 

*9» 73 


S. 
21,67 
21,66 
21,51 
21,22 

20« 70 
20,21 


s. 

22,22 
22,21 
22,05 
21, 76 
21,22 
20, 72 


S. 
22,8l 
22, 80 
22,64 

22, 33 
21,88 

21,27 


s. 

2 3»43 

23*42 
23,26 

22,95 

22,48 

21,85 


VII + 0 

5 
10 

'5 
20 

*5 


18, 18 

'7*35 
16,38 

*5»27 

11, 02 
12,64 


*7»74 

'6,75 
15,61 

»4»34 
12,92 


19,02 
18,15 

i7»H 
15,98 
1 a. 67 
13,22 


19, 48 
18,60 

'7*56 

16,37 

1 c. 01 
i3»54 


*9*97 
19,07 

18, 00 

16,78 

1 Ciii. 

13,88 


20, 50 

>9» 57 
18,48 

17.23 
1 c* 82 

14*25 


21,06 
20, I I 
18,99 

* 7* 70 
16. 2 c 

^4*65 


VIII + 0 

5 

10 

'5 
20 

2* 

j 


1 I, II 

9*47 

7»7* 
5,88 

2, 06 


11,36 
9,68 

7»89 
6,01 

1« oc 

2*04 

0, 00 

2,04 

4, 06 
6,02 
7. 02 

9»7» 


",63 

9*9* 
8,08 

6,«5 

1,09 


11,91 
10, 15 
8,28 
6,30 

2, 14 


12,21 
10,41 
8,49^ 

6, 46 

1» 2 C 
2, 19 


10,68 

8,71 
6,63 

** j 


12, 89 
10,98 

6,1? 

1« CO 

2,31 


IX - 0 
5 

10 

>5 
20 

*S 


0, 00 

»*99 

3*97 
* 5.89 

9*5» 


0, 00 

2,09 

4. 15 
6,17 

8, 1 1 
9*95 


O, OO 
2, 14 

4>25 

6,32 

8. 21 
10, 19 


O, OO 
2, 19 

4>36 
6,48 

8, C2 

10,45 


0, 00 

2,2; 

4, 48 
6,65 

8. 71 

10, 73 


0,00 

2,31 
4,60 

8,98 

11,02 


X - 0 

5 
10 

«5 
20 

25 


11, 17 
12,72 
14, 12 

'5*39 
16. c 2 

<7*Si 


11,42 
13,00 

M* 44 

16, 80 

17,90 


1 1,69 

, 3»3° 
14,78 

16, 11 

I 7. 2Q 
18,32 


n>97 
13, 62 

15. 14 
16, 50 

»7»7* 
18,76 


12,28 

"3»97 

'Wi 
16, 92 

18, 16 

19,24 


1 2, 60 

14*34 
*5» 93 
»7»37 

'9*75 


12, 94 

M»73 
'6,37 
17*84 

V* *> 
20,29 

21, 26 

22, c; 

22, 78 

22., 20 

23* 5* 

23,68 


'XI - 0 
5 

10 

>S 
20 

*5 


l8 >35 
19,05 

19, 60 

20,01 

20, 28 

20, 43 


18,76 

*9>47 
20, 04 

20,45 

20,73 

20,89 


19, 19 

19, 92 

20, 50 
20, 94 
21,22 

*'*37 


19, 66 
20,41 

21, OO 

2'»45 

|2i,74 

,21, 90 


20, 16 
20,93 
21,54 
21,99 
22,29 
22,45 


20, 69 

21, 48 

22, II 
22, 57 
22,88 
23,04 


XII - 0 


20,44 


20, 90 


2h 38 




*3* 5 1 *3* 7 
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Table II. Equations to Equal Altitudes. 105 



O's Long. 


Half Interval between the Observations. 


H. • 1 H. M. 


H,M. 


H. M. " 


H. M. 


H« M. 


H. M» 


I . 30 I. AO 


I. CO 


II. O 


II. IO 


II. 20 


II. 20 


S. D. 
O+o 

S 

10 

iS 
20 


s. 

0, 00 
0, 49 

°»97 

i>43 
1,84 

2,21 


s. 

0, 00 

7 

0,49 
0, 96 
1,41 
1,82 
2, 18 


s. 

0, 00 

* 0,48 

°»95 
'♦39 
!» 79 
2 > '5 


S. 

0, 00 

°»47 
°> 93 
',36 

r -A 

1, /O 

2, 12 


s. 

0, 00 
0, 46 
0,91 

, i»34 

!»73 
2,08 


S. 

0, 00 

o,4S 
0, 90 

!>3» 

1, 70 

2,04 


S. 
0, 00 

0,44 

0, 88 
1,28 

1, DO 
1,99 


I + 0 
5 

10 

'S 
20 

»S 


2, C2 

2,77 

a»93 

3» QI 

3» 01 
2,91 


2) 4Q 

2 »73 
2,89 

a>97 

2,07 
2,87 


2 »45 
2,69 

2,85 

2,93 

2,93 
2,83 


2,41 
2,65 
2,8l 

2,88 
z, 00 
2,78 


2,37 
2,60 

2,76 

2,83 

2, 03 

2,73 


2,32 

2, ,S 
2, 70 

a,77 
a, 77 
2,67 


■*» +1 

2, 49 
2,64 
2,71 

gm 0m » 

2, 71 
2, 6l 


II 4- 0 

s 

10 

*S 
20 

as 


2, 71 
2,42 
2,06 
I, 6l 
I, II 

0,57 


2,68 
a>39 

2|03 

i»59 
i, 10 

0,56 


2,64 
2,36 
2,00 

1,00 

o»S5 


2,60 

1. 00. 

'>97 
r » S4 

I, OO 

°»S4 


a,SS 
2,28 

*>93 

1, 04 
0. S3 


a, so 
2,23 
1,89 
1,48 

f, 02 
O, 52 


2, 44 
2, 18 
I,8 5 

i»4S 
1, 00 

0,51 


III — 0 
s 

10 

is 

20 

as 


O, OO 
0,56 
1,11 
I,6l 
2,05 
2,41 


0, 00 

0. 56 

1, 10 

i»59 
2,0a 

2,38 


0,00 

°» S5 
1 , 08 

!»S7 
!,99 
a,3S 


0, 00 

0, 54 
1,06 

i>S4 

1, 90 
2,31 


0,00 

°» S3 
1,04 

'»5 l 

I , ()2 
2,27 


0,00 
O, 52 
I) 02 
1,48 

2,22 


0,00 
0,51 
1,00 

i»4S 

1,04 
2,17 


IV - 0 

10 

iS 
20 

aS 


2, 70 
2,89 

2*00 

a, 99 
2,91 

a, 74 


2,66 
2,85 

a>95 

a»9S 
2,87 

2,70 


2,62 

2, 81 
2,90 

2,91 

_ 6_ 
2, 63 

2,66 


2, 58 
2, 76 
2,85 

2, 86 

ft hQ 

2, 70 
2,02 


a, 53 
2, 7 1 

2,80 

2,81 

2, 73 
2,S7 


2,48 

2,66 

a»75 
a,7S 

2, Do 
2, $2 


a, 43 
2,60 

a, 69 

2,69 

2, 02 

a, 47 


V — 0 

10 

1 S 
20 

as 


2, 50 
2, 19 
1,82 
1,41 
0, 96 
0, 49 


a,47 
2, 16 

1, 80 

i»39 

o.9S 
0, 48 


a, 43 

2,13 

i»77 

'♦37 
0,94 

°>47 


2,39 
2, 09 

i,74 

!>35 
0,9a 

o»47 


ft 'it 

2,05 

i» 7i 

i»33 
0, 90 

0, 46 


2, 30 
2, OI 

1,68 

0, 88 
0, 45 


2,25 

',97 
1,64 

1,27 

0, 86 

0, 44 


VI — 0 


0,00 


0, 00 


0, 00 


0, 00 


0,00 


0, 00 


0,00 



p 
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io6 Table it Equations to Equal Altitudes 



0's Long. 




Half Interval betwean the Observations. 



H. M. 


H • • 




llialO 


ITT 

111.20 


ITT 


s. 

O, OO 
0,40 
0,78 

If «4 
1,48 

'.77 


S. 

0, 00 
0,38 

°»75. 
1, 10 

i»43 


S. 

0,00 

°»37 
0,72 

1,06 

i»37 
1,64 


2, 02 

a >35 
2,42 

2,41 

^ 33 


i>95 

2, 14 
2, 26 

*>33 

2>3 a 
2,24 


1,87 
2,05 
2,17 
2,24 

a. »3 
a. 1 5 


2,17 

i.94 
1,65 

1,29 

0, 89 

°>45 


2,09 
1,87 

*>59 
1,24 

0,86 
o,44 


2,01 
1,80 

*»53 
1, 19 

°> 83 
0,42 


0, 00 

o,45 
0,88 

1,29 

1,64 

x >93 


0,00 
0, 44 

0. 85 
1,24 

1. ?8 
i,86 


0,00 

0,4* 

0, 82 

1,19 

J >5 2 
i» 79 


2, 16 

2)3' 

a »39 
2,46 

2,33 

2, 20 


2,08 

a»«3 
2,31 

2,31 
2,25 


2, OO 
2, 14 
2,22 
2,22 
2, l6 
2>03 


2,00 

1,46 

x » '3 
o»77 
o>39 


'.93 
1,69 

1,41 

1,09 

o»74 
0,38 


1,85 
1,62 

*»35 
1,05 

0,71 

0,36 


0, 00 


o,oo 


0,00 



IIL40 1 

s. 
o, 00 1 

o»35 
0,691 

1,01 

_V57 

J >79 
1,96 

2,08 

»» HI 

2,1 



1,92 

I »7*l 
1,46 

°>79 
o, 40 



0,00 
o, 40 

0,78 

1,14 

i.45 



1 



1,91 
2,05 
2, 12 
2, 12 
2,06 

1.94 

i>77 

'.55 
1,29 

1,00 

o, 68 

°»35, 
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ble II, Equations to Equal Altitudes. 



■ 

O's Long. 


Half Interval between the Observations. 


H. M. 


H. M . 


H. M. 


H. M. 


H. M. 


H • M ■ 


H. M. 


III.50 


IV. 0 


IV. 10 


IV.2.0 


IV.30 


IV.40 


IV. sq 


S. D. 

O +6 

5 

10 

*5 

20 
2 Z 


s. 

O,00 

0, 66 
0,06 

1,24 

i,49 


s. 

0,00 

o,3* 
o, 6a 

0,91 

*>'7 
1,41 


s. 

0, 00 

0, 30 

0,58 

0,85 
1,10 

1,33 


S. 

Of 00 

0, 28 
0, 54 

°, 79 
x,03 

M3 


S. 

O) 00 

, 5 
0,50 

o,73 
o,95 
x, 14 


S. 

O, OO 
O, 23 

0, 46 

0,67 

0,87 

1,04 


s, 

0,00 
O, 2 1 
0,41 
0,60 
0,78 

°>93 


I +0 

5 

10 

x 5 

20 
2C 


i,7P 
t, 86 

1,98 
2,03 
2,03 
1,96 


1,61 
1,76 

',87 
1,92 

::S 


1,65 
106 
1,80 
j, 80 

i,74 

1, 6a 

i.45 
1,23 

o»97 
0,67 

o,34 


1,41 

x,54 
1,64 

i,68 

1,68 

1,62 


',30 
x, 4^ 
l >S l 
"» 55 
M5 
x,49 


1, 18 
1,29 

x,37 
1,41 

1,41 
i,3 6 


1,06 
1, 16 

x,*3 
1,27 
1, 26 
1, 22 


II + o 

5 

10 

l 5 
20 


1,83 
1,64 

*#39 
1,09 

0,38 


J >73 

»»55 

x,3' 
1,03 

0,71 

0,36 


x»5 l 
'»35 
x,x5 
0, 90 

0,62 
0, 32 


x,39 
1,25 

i, 06 

0, 83 

o,57 
0, 29 


1,27 
1, 14 
0, 96 
0, 76 
0,52 
0,26 


x, 14 
1,02 
0,86 
0,68 

o,47 
0,24 


III - 0 

5 

10 

*5 

20 


0, 00 

o»3 8 
0,7s 
1,08 
x,*8 
1,03 


0, 00 

0,3 d 
0, 71 

1,02 

x,3* 
x,54 


0,00 

°>34 
0, 67 

0,96 

x, *3 
x,45 


0, 00 

°»3' 
0, 62 

0,00 
x,X4 

h3S 


0,00 
0,29 
0,57 
0,83 
x,05 
1,24 


0, 00 
0, 26 
0,52 
0, 76 
0,96 

I>i3 


0,00 
0,24 

o,47 
0,68 

0, 86 

1,02 


IV ^ o 

5 

JO 

X5 

30 


1, 8s 
',95 

2, 01 

2, oft 

1,96 
1,85 


1,7a 

x,$4 
1,90 

1,91 

1,85 

x>75 


1,61 

V73 
»»79 
x,79 
W4 

> 

1,64 


1,50 
1,61 

i.|7 

1, 62 
x,53 


x, 3 8 
1,48 

x, 54 

x,54 

x,49 
1,41 


i,a6 

x >35 
x,40 
1,40 

1,36 
1,28 


x»x3 

I,2J 
1,26 
1,26 
1,22 


V - 0 

5 

JO 

x 5 
so 

*5 


1,68 

1,48 
j, A3 

°><95 
0, 65 

°*33 


i,S9 

1,40 
1,16 

0,90 

0,62 

o,3 1 


1,50 

x>3' 
1,09 

0, 58 

0, 29 


1,40 
1,22 
1,02 

°> 79 
0,27 


1,29 
x,i3l 
0,94 

0, 73 
0,50 

0, 25. 


x»*7 
1,03 
0,86 
0, 66 

o,45 
0, 23 


x,o5 

0,9ft 
°> 77 

<V59 
0,40 

O, 2J 


VI - 0 


o,xx> 


0,00 


0,0c 


0,00 


0,00' 


o*oo 


0,00 



?2 
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xo8 Tabls II. Equations to Equal Altitudes. 



O's Long. 



S. 
O 



II 



D. 
+ O 

5 

10 

»5 

20 

*5 



• o 
5 

IO 
20 

a 5 



• o 
5 

IO 

»5 

20 

a 5 



III - 



o 

5 

10 

*5 
20 

a 5 



IV - 



o 
5 

10 

*5 
20 

a S 



Half Interval between the Observations. 



H. M. 



V. o 



V - 



o 
5 

10 



20 
a 5 



VI - 



o, 00 

0,18 

o, 36 

o, 52 
0,66 

o, 82 



°»93 
j, 02 

1,06 

1, 12 

1,11 

1,07 



1,00 
o, 90 
0,76 
o,6o 
0,41 
0,21 



0,00 
0,21 
0,41 
o, 60 
0,76 
0,90 



0. 90 

1, 06 

1, II 
I, II 

I, 10 

1,01 



0,92 
0,81 
0,68 
o, 52 

0,3 J 
0,18 

0,00 



H. M. 



V. IO 



s. 

0,00 

o, 16 

0,31 

o,45 
0,58 

0,70 



o, 80 
0,87 
0,92 

o,95 

o,95 
0,91 



0,85 
°»77 

o, 51 

°>3$ 
o, 18 



0,00 
0,18 

°>3S 
0,51 
0,65 

o,77 



0,85 
0,91 

°>95 

°»95 
o, 92 

o,86 



o.79 
o, 69 

o,45 
o, 30 

o > '5 
0,00 



H. M. 



V. 20 



s. 

0,00 

o, '3 
0,25 

°>37 
0,48 

o>57 

o,66 
0,71 
o 9 76 
0,78 
o, 78 
o,75 



o, 70 
0,63 

°»53 
0,42 

0,29 

0,15 



0,00 
0,15 
0,29 
o, 42 

°»53 
0,63 



o, 70 

o,75 
0,78 

0,78 

0,76 

0,71 



0,65 

o,57 

0,47 

°>37 
0,25 

0,13 
o, 00 



H . M • 



V. 30 



s. 

o # 00 
o, 10 
o, 19 
o, 29 

°»37 
o,44 



H. 


M. 


V. 


40 


s. 




O, 


OO 


O, 


07 


O, 


'3 


O, 


20 


O, 


a 5 


0, 


30 



o, 51 

°»55 
0,59 

o, 60 

0,60 

o, 58 



o, 54 
0,48 
0,41 
0,32 
o, 22 

O, II 



0, 00 

O, 1 1 

0,22 

°»3* 
0,41 

0,48 



o,54 
0,58 

0,60 
o, 60 
o, 58 

0,55 



o, 50 

0,44 
0,36 

0,28 
o, 19 
o, 10 

0,00 



°>35 
0,38 

0,41 

0,41 

0,41 

0,40 



0,37 

0*% ^ 
, 33 

o, 28 

O, 22 

o, 15 

0,08 




0,37 
0,40 
0,41 
0,41 

o, 30 

0,38 



0,34 

o, 30 

0,25 
o, 19 
0,13 
0,07 

0,00 



H. M. H. M. 



V. S o VI. o 



0,1 



16 



o, 19 



O. 1 1 



>,04| 0,00 
0,08 1 

o,xi 

0,14 0,00 



o, 10 



0,00 
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Table il. Equations to Equal Altitudes. 109 



O's Long. 



VI 



V. 
+ o 
5 

10 

J S 
20 

*> f 



VII 



+ o 
5 

10 

'5 
20 

2 5 



VIII + o 

5 

10 

iS 
20 

2< 



IX - 



o 
5 

10 

20 
*5 



X - 



3 
10 

*5 
20 

a 5 



XI - 



o 
5 

10 

"5 
20 

a 5 



Half Interval between the Observations. 



H. M. 



H • M. I H. M . 



I. 30 I. 40 1. 50 



XII - 



S. 

o, 00 
0,49 

°>97 

J >43 
1,86 

2, 25 

2, 58 
2,85 

3»°4 
3» >4 
3» «4 
3»°S 



2 f 66 

2> 57 
2, 18 

*»7* 
1, 18 
o, 60 



Of 00 

0, 60 

1, 18 

1,72 

2, 19 
2,58 



2, 87 

3' 06 
3» 16 

3» *6 
3,06 

2,87 



2, 60 
2,27 
i t 88 

>»45 
0,99 

o, 50 
0,00 



s. 

o, 00 
o, 48 
o, 96 
1*42 

1,84 

2, 22 



a >55 

2,81 

3»°° 

3, 10 

3* 10 
3,01 



2, 82 

a > 53 
2, 15 
1,69 

o, 60 



o, 00 
o, 60 

1, 70 

2, l6 

a > 54 



2, 83 

3*°3 
3> 12 

3» i» 
3, 02 

2, 84 



a »57 
2, »4 
1,86 

i»43 

°» 49 
0,00 



S. 

o, 00 
o, 48 

o»95 
1,40 

1,81 

2, 19 



2, 51 

2 > 77 

2 >95 

3»<>5 
3,06 

2»97 



2, 78 
2, 49 

2, 12 
1,67 

1, is 

°»_59 

o, 00 
o» 59 

1,67 

a > »3 

2, 50 

2,79 

a * 99 
3> 08 

3»°7 
2, 98 

2, 80 



2» 54 
2, 21 
1,83 
1,41 
0,96 
o, 48 



H. M. 



II. O 



S. 
o 
o 
o 

I 

I 

2 



2 
2 

2 
I 
I 

O 
O 

o 
I 

I 

2 



3 

3 
2 

2 



2 
1 
1 
o 
o 



00 

47 
93 
37 
78 

'5 



47 

7* 
90 

00 

01 

92 



73 

45 
08 

64 
»3 
58 

00 
58 

l 3 
64 

09 

46 



79 
94 

03 
02 

93 
75 

5° 
18 

80 

39 
94 
47 



H. M. 



II. 



10 



S. 

o, 00 
o, 46 

0,91 

J »35 

l » 75 
2, 1 1 



2, 43 
2,67 

2,85 

2 » 94 

2 »95 
2,87 



o, oo| 0,00 



2,68 
2,41 
2, 05 
1, 61 

I, T I 

o» 57 

0, 00 

°» 57 

1, u 

1, 61 
2,05 

2, 42 

2, 70 
2, 88 

a »97 

*»97 
2, 88 
2, 70 



2»45 
2, 14 

*<77 

i>3° 
o, 92 

o* 47 
o, 00 



H. M. 



II. 20 



S. 

o, 00 

°»45 

0. 89 

i>3 2 

1, 72 

2,07 

2,38 

2, 62 

a > 79 
2, 88 

2, 89 

2,81 

2, 63 

2, 3 6 
2,01 

1,58 
1,09 

<M5 

o, 00 
0,55 
1, 09 

1,58 
2, 01 

2 >37 



c, 64 
2, 82 
2, 91 
2, 91 
2, 82 
2, 64 



TJ. M 



II. 



3° 



2, 40 
2, IO 

J »73 

*'33 
0,90 

o, 46 
o, 00 



o, 00 

o» 44 
0,87 

U 29 
1,68 

2| 03, 



2»33 

2, 56 

2 » 73 
2,82 

a » 83 

*» / > 



2,57 
2,31 

'>9 6 
'»54 
1, 06 

0,54 



o, 00 

o, 54 
1, 06 

54 
i»97 
2>3 2 



2, 58 

2» 7 6 
2,8 

2,84 

2, 76 
2, 58 



2 *35 
2,05 

1,69 

*»3°| 

o, 88 

Oi45 

O, CO 
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1 10 Table II. Equations to Equal Altitudes. 



0*8 Long. 



s. 
VI 



D 

+ o 

5 
10 

J 5 

20 

«5 



VII + o 

5 

10 
15 

20 

25 



VIII 4- o 



10 

'5 

20 
25 



IX - 



5 

IO 

15 

20 
a 5 



o 
5 

10 

'5 
20 

25 



XI - o 

5 

20 

J 5 
20 

*5 

XII - o 



Half Interval between the Observations. 



H. M. 



II. 40 



S. 

0,00 

o» 43 

0,85 

1,26 
1,64 
1,98 



2,27 

2, 50 

2,66 

2, 75 

2,76 

2, 68 



2,51 
2,25 

i,9r 
1,50 
1,04 

°» 53 



o, 00 

°> 53 
1,04 

1,92 
2, 26 



2, 52 
2, 69 
2r78 

2 »77 
2, 69 

2, 5* 

2t 29 
2» OO 
1.65 

1,27 
0, 86 

o>43 
0,00 



H • M . 



II.50 



S. 

O,00 

0. 42 

Oi 83 

1, 22 

*>59 

1,92 



2,21 

2,43 
2, 59 
2,68 
2, 68 
2, 60 

2,44 
2, 19 
1,86 
1,46 
1, 01 
o, 51 



o, 00 
o, 51 
1,01 

i»47 
1,87 

2, 20 1 



2, 45 

2, 62 

2, 70 
2, 70 
2, 61 

2.45 



2, 23 

'»94 
1, 61 

0,84 
0,42 



III. O 



S. 

0, 00 
o, 41 

0,81 
1, 19 

i>$4 
r, 86 



2, 14 

2,36 

2,55 

2, 60 
2,6o 
2, 52 



2,37 

2, 12 
I,8l 
1,42 
0,98 

c, 50 



0,00 

o, 50 

0,98 
1,42 
1,81 



2, 13 



a, 38 

2, 54 
2, 62 
2, 62 

2, 53 
2,38 



2, 26 
1,88 
1, 56 
1, 20 
0,81 
0,41 



H. M. 



III.IO 



S. 

O,00 

°>39 

0. 78 

i»49 

1, 80 



2,07 
2,28 

2,43 

2»5» 
2, 52 

2, 44 



2,29 
2,05 

i>75 

i»37 

°>95 
o, 48 



o, oof 0,00 



o, 00 
0,4s 

o»95 
1,38 

'» 75 
2, 06 

2, 30 
2, 46 

2» 53 
2»53 
2,45 
a, 3° 

a, 09 
x, 82 

*>5' 
1, 16 

o, 79 
o, 40 

o, 00 



H. M. 



111.20 



S. 
O,00 



0,3 



[8 

o,75 
1, 1 1 

i,44 
i,74 



2,00 
2,20 

2,34 
2,42 

2,43 
2>35 

2,21 

1,98 
1,69 

1,32 
0,91 

o,47 

o, 00 

°» 47 
o, 91 

**33 
1,69 

i>99 



2, 22 

2,37 
2,44 

2,44 

2, 3 6 
2,22 



2,01 
1,76 
1,46 

1,12 
0,76 

0,38 

o, 00 



H. M. 



IIL30 



S. 

c, 00 

o, 3 6 
0,72 
1,06 

i,3 8 
1,67 

1,92 

2,11 
2,25 

2,32 

2,33 
2, 26 



2, 12 
1,90 
1,62 
1,27 

o t 88 
°»45 



o, 00 

0,45 
0,88 

1,27 

1,62 

1,91 

2, 12 
2, 28 

2,34 
2, 34 
2,27 
2, 13 



i»93 
1, 69 

1,40 

1,08 

o,73 
o>37 

0,00 



H. M 



111.40 



s. 

o, 00 

°»35 

0, 69 

1, 02 

i,3* 

1, 6c 



1,83 
2,021 

2,15 

2, 22 

2,*3I 
2, II 



2»°3 

1,82 

'»5> 
1, 22 

o, 84 
°» 43 



o, oof 

°>43| 
0,8. 

1,221 

ill; 



2,04] 

2, 18 

2,24 
2, 24 

2, 1/1 
2, 



I,85l 

i, 6x 

I »34| 

x »°3 
0,70 

Q »35 
0,00 
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Table II. Equations to Equal Altitudes, 1 1 1 



O's Long. 



s. 
VI 



D. 
+ O 

5 

10 

*5 
so 

*5 



VII + o 

5 

10 

20 

2 5 



VIII + o 
5 

10 

90 

*S 



IX - 



o 
5 

10 
20 



X - 



XI - 



o 

5 

10 

*5 
so 

*S 

o 
5 

20 

*5 
20 

*S 



Half Interval between the Observations. 



XII - 



— 



H» 


M. 


EI Ail 




rt» 1*1 t 


M. XVI . 


IIL50 


IV. 0 


IV.10 


IV. 20 


IV.3O 


S. 




C 
v» 


s 


s 


s 

w. 


0, 


OO 




0. 00 


0. 00 


o. 00 


o, 


33 


3 1 


ft* «Jrt 


ft 2*? 




0, 


66 


D (lO 
V, 


5° 




0, 50 


0, 


97 


0,91 


0, 86 


o, 80 


o»74 


I, 


26 


1, 19 


1,12 


1,04 


0,96 


I, 


?2 


m 44 


x »35 




1 t6 


I, 


74 


i« 6c 


1. cc 


I. J.4. 


1. 11 
*» 33 


I, 


02 


1. 82 




1. CO 


I « J.7 


2, 


OS 




1,82 


I* 60 


l« cb 


2, 


1 1 


2, OO 


1,88 


i»7$ 


2,62 


*l 


12 


2, OO 


1,88 


*>7S 


1,62 


*l 


06 


'»95 


i>»3 


1, 70 


'»57 


I, 


93 


1- S2 


1 . 1 1 


I. CCi 




X, 


73 


2.69 

*» w 3 




2, 4.9 


2, 92 


I, 


47 


M 3V 


2« 9 I 


I, 22 


I« 12 


I, 


16 


1,09 


1,02 


o, 96 


0,88 


Oj 


80 


°»75 


O, 71 


0, 66 


o, 61 


0) 


41 


0,3© 


o»3° 


°>34 


ft >3 ! 


Oj 


, 00 


O, 00 


0, 00 


0, 00 


0, 00 


O] 


>4 l 






ft. 0 4 

°» 34 


ft. 0 1 


O) 


,80 


O* 7C 


0» 71 


0, 66 


0, 61 


I] 


.16 


I, 10 


1,03 


0,96 


0,88 


I, 


»47 


!»39 




I, 22 


J i J 3 


I, 


• 74 




*i 54- 


T A A 


4 »33 


Ij 


• 94 




1, 72 


x. 60 


2,48 


2, 


,07 


1,06 


1,84 


I* 7! 


2,C8 


2j 


>*3 


2, 02 


1,90 


2» 77 


1)63 


2 




2,OI 


1,89 


1,76 


2,62 


2 


,06 


*>95 


1.83 


'>7* 


2,58 


I, 


94 


*>8 3 


i»7* 


1,60 


1,48 


I, 


76 


1,66 


1,56 


*i4S 


i»34 


I, 


53 


i»4S 


1,36 


i>*7 


i>i7 


I, 


>*7 


1,20 


*> '3 


1,05 


°»97 


Oi 


,98 


o»93 


0,87 


0,81 


o,75 


Oi 


66 


0,63 


0, 59 


o»55 


0,51 


Of 


33 


0,32 


0,3° 


0,28 


0, 26 


O, OO 


0, 00 


0, 00 


0, 00 


0, 00 



H. M. 



IV.40 IV.50 



S. 

0,00 

o, 23 
o, 46 

0,67 

o, 87 

2, 06 



2,21 

i>34 

2,42 

'»47 
ii47 
'♦43 



»>34 
2,20 
2,02 
o, 80 

°»S5 
0,28 



H. M. 



0,00 
o,*8 

°»S5 
o, 80 

i><>3 

2,22 



f »35 

«»44 
2,48 

1,48 
i,44 
*>35 

2, 22 
1,0) 
o, 88 
0,68 
o f 46 

°» 2 3 



S. 
0,00 
0,21 
0,41 
o, 60 

0,78 

o»95 



2,09 
2, 20 
2,28 

i»3 2 

i>3 2 
2,2s; 



2, 20 

2,0S. 
0,92 

o, 72 
o, 50 

0,25; 



o, 00 
Si 



0,2 



o, 50 

0,72 

0,92 
2,08 



2,21 
2,29 

^33; 

i»33 

2,2Q| 
2,21 

2,09 

o, 96 

o»79 
o, 61 

0,41 

0,21 
o, 00 
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1 12 Table II. Equations to Equal Altitudes. 





i-ong. 


5 


n 


VI 


+ 0 




5 




10 




'5 




so 






VII 


+ o 




5 




IO 




15 




20 




*5 


VIII + o 




5 




10 




IS 




20 




a 5 


IX 


— 0 




5 




10 




J S 




20 






X 


— 0 




s 




10 




»5 




20 




*5 


XI 


- 6 




5 




20 




J S 




20 




25 



Halflntenral between the Observations. 



H. m. 



V. o 



s. 

o, 00 
o, 18 
o, 36 

°» S3 
0,69 

o, 83 



0,00 

0,22 

°>44 
o, 64 

0,81 

o,9S 



1,06 
'»*3 

J > *3 
1,06 



0,06 
0,84 
o, 70 

<M4 
O136 
0,18 



H. M. H. M. 



V. 10 



s. 

0,00 
o, 15 

0,31 

o>45 
o> S9 
0,71 



0,82 
o» 90 
o, 96 

0,99 
0,99 

o, 96 



o, 90 

0,81 

o, 69 

o» 54 

°»37 
o, 19 



0,00 
o, 19 

°>37 

°»5S 
o, 69 

o, 8 1 



o,9* 

o>97 
if 00 

1, 00 

o, 96 

0,91 



o, 82 
o, 72 
o,6o 
o, 46 
0,31 
o, 16 



XII — o| 0,00 J 0,00 



V. 20 

s. 

o, 00 
o, 13 

0,25 

°»37 
o, 48 

o, 58 

0,67 

o, 74 

°»79 
o, 81 

0,82 
°>79 



H. M. 

vT^o 



s. 

o, 00 
o, 10 
o, 19 
o, 29 

o»37 
o»4S 



o> 74 
o, 60 

°» S7 
0,44 

o»3 ! 
o, 16 



o, 00 
o, 16 

°i 3 1 

o»S7 
0,67 



o, 52 

°»57 
o, 61 

0*63 
0*63 
0,61 



°»57 
0,51 
0,44 

o» 34 
0,24 

o, 12 



0,75 
o, 80 
o, 82 

0,82 

°> 79 
°»75 



0,00 
o, 12 
o, 24 

°»35 
0,44 

0,51 



0,67 

°» 59 
0,49 

0,38 
0,25 

Of 13 



°>57 
o, 61 

o» 63 

0,63 

0,61 
o»57 



o, 52 

o»45 
0,38 
0,29 
0,19 
o, 10 



o> 00 [ Of 00 



H. M. 



V. 4 o 



s. 

o, 00 

0,07 

0,13 

o, 20 
Of 26 

0,31 



°»35 
°>39 
Of 42 

o>43 
o, 43 
0,42 



°> 39 
°>35 
o» 3° 
0,23 
o, 16 
Of 08 



0,00 

Of 08 
Of 16 
Of 24 
Of 30 

°»35 



o,39 
o, 4* 
Of 43 

Of 43 
o, 42 

o,39 



0,36 
0,31 
Of 26 
0, 20 

o, 13 
0,07 



0,00 



H. M. 



V. S o 



H. M. 



Of OO 

Of 04 

0,07 
o, 10 

o, 13 
o, 16 



o, 18 
Of 20 
Of 2 I 
0,22 
Of 22 
O, 21 



VI. O 



s. 

o, 00 1 
0,00 

Of 001 
0,0c I 
o, 00 1 



Of 00 
Of 00 
Of 00 

0,00 1 
Of 00 
0,00 



O, 20 O, 00 I 

Of 18 o, 00 1 
0,00 1 
0,00 
Of 00 
0,00 



o, 15 

O, 12 

Of oS 
Of 04 



o, 00 
Of 04 
o, 08 

O, 12 

o, 15 
o, 18 



0,20 

Of 22 
Of 22 
O, 22 
O, 21 
O, 20 



0,00 
O, OO 
o, 00 
Of 00 
Of 00 1 
Of 00 



o, 18 
o, 16 

o, 13 
o, 10 
o>07 
o, 04 



0,00 



0,00 

Of 00 

O'OoJ 
Of 00] 

Of 00 

Of 00 

o> 00 
0,00 

Of 00 

0,00 1 
0,001 
o, 00 



Of 00 1 
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*T ABLE I II. For Reducing the Suns Longitude, as given in the Nauti* 
cai 'Almanac for Noon at Greenwich, to Noon under any other Af a idian. 



Time 
from 
Noon. 2 



Hourly Motion of the Sun. 



23 2 24 



H 

0.20 0,8 
0.40 1,6 
1. 00 2 
1. 20 
1. 40 



2. 00 



2. 20 3, v 

2* 40 6, 4 6, i 

3.00 7,2 7,3 

2. 20 8, o 8, < 



h 

3. 20 8, o 
3.40 8,8 
4 • 00] 9, 6 



4. 20 10,4 
4.40 11,2 
5.00 12,0 

t 



10, 

11,2 
12,0 

5. 20 12, 8 12, 8 

•40 13* 6 r 3» 
00 14*3 *4> 



12. 



>4 

3>* 

4,0 



4,8 



5. 61 



/ v ////// 
2 252 26 2 27 



J/ // 7TI7T , // 1/ n Lon 
82 29 2 3c » 31 2 32 2 33 

/ / / 9 \t 



6. 20 1 5, 1 1 5, 2 
6. 40 1 5, 9 16, o 
7. 00 16, 7 16, 8 
7.20 17, 5 17,6 

7- 40 18,3 l8 >4 



8.00 19, 1 19, 2 
8. 20 19,9 20,0 
8. 40 20, 7 20, 8 
9.0021, 5 21,6 
9. ao 22, 3 22, 4 
9.4023, 1 23,2 23, 

zo. 00 23, 9 24,0 24, 
10.2024,7249824, 
10.4025, 5 25,6 25,8 25, 
1 1. 00 26, 3 26,4 26, 6 26, 
ix. 20 27, 1 27, 2 2 7. J 27. 




— — w j — — i t / — # 

1.20 27, I 27,2 27,4 27, 

U 40 27,9 28, 0*28, 2 28, 

2. 00 28, 6 28, 8 29, o 29, 
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Table IV. Proper Stars for bringing a Transit Instrument 

into the Plane of the Meridian. 





Names of the Stan. 


Right Afc, 
in Time, 


An.var.in 
right Afc. 


Declination. 


An.var.in 
Dec Una. 


C G Eridani 

( 0 Perfei 

f 0 Columbx . . , 

(GAurigx 

I n Cams Majoris 

1 Pollux . . . . , 


H. M. S. 




D. M. S. 


S, 


2. 50. 30, I 

ft- 54- 53» 1 

5- 43- 44* 7 
5. 45. 44, 1 

7.15.59,6 
7' 3 a - 47* 1 


2, 28 

3 ? 85 

2, 10 

4, 08 

2 »37 
3» 74 


41. 7. 58 S. 
40. 9. 14 N. 

3v5'-$3 S. 
37. 10. 54 N. 
28. 54. 44 0. 

1 ^ w • \ >J • ^ % V • 

1 ^ 


-14,75 
+ 14*49 
-1*4* 
+ 1,25 

+ 6 >53 
- 7»«9 




q Navis 

ji Urfse Majoris 

d Ccntauri • . . 

1 86 Urfa; Majoris .... 

J n Centauri , 

1 y Bootes 


10. 6. 6,8 
10. 10. 4, 2 

12. 4ft. 7*7 
12. 46. 25, 6 
14. 22. 33, 0 
14. 23.49,0 


2, 51 

3» °3 
3**7 
2,85 
3» 75 
ft»43 


41. 6.47 s. 
42. 31. 29 N. 
39. 3. 56 S. 
39.25.41 N. 
41. 14.45 s* 
39. 12.37 N. 


+ 17,63 
-17, 78 

+ i9>7i 
— 19, 64 

+ l6, 29 
-16,23 


x Centauri • • * • * 

j9 Bootes • 

* fHcrculis 

i Scorpii ....... 

P i>yra? 

£ Sagittarii 


'4« 45* 53* 5 

H- 54- >3» y 

I 6-33- ! 3S»6 
16. 36.56,7 

18.42.31,2 
18. 49«33»9 


3» 84 
2, 36 
2,29 

3*9* 
2, 21 

3.83 


■ ■ ■> 

41. 16. 5 S. 
41. 12. 20 N. 
31. 58. 44 N. 
33.54. 6 S. 
33. 8. 19 N. 
30. 9.23 8. 


+ 15, 02 

-'4,53 

- 7*39 
+ 7' 11 
+ 3*7° 

- 4*3° 


f y Lyras 

1 r bagnttarn . . , . 

ct Microfcopii 

, < Cygni ....... 

Fomalhaut 

p* Pcgafi 


18, 51. 16, 4 

l8 « 54« 7» 7 
20.37. 8»o 

20 -37- 53»° 
22*46. 16,6 

22# 53* 5 ''ft, 

■J 


2,24 

3> 70 
3» 78 
a » 39 
3»3ft 
ft, 87 


32.25. 6N. 
27.57. 5 S. 

34-3<-37 *>• 
33. 12.21 N. 

30, 42*. 9 s. 

26*58. 20 N. 


+ 4*4> 

•*» 4, 00 
-12, 70 

+ '»»7> 
-19,02 

+ 19*22 


fJSculptoris 

\ a Andromeda? 


23.38. 13, 6 
a 3-57-48>5 


3» *4 
3,06 

• 1 


29. 1 5. 46 S, 
27. 57. 41 N. 


— 19, 96 
+20, 04 



The Places of the Stars in this Table, are given for the Beginning; 
of the Year 1 79 5. They muft be reduced to the Time they are wanted 
for. by multiplying the annual Variation by the Number of Years and 
Parts of a Year which have elapfed, and adding the Product to the 
Right Afcenfion in the Table : but it muft be added to, or fublfacted 
from the Declination, according as the gign rf- or c— is annexed to it. 



Digitized by Google 



( "5 ) 



Table V. For calculating the Deviation of Stars 
in Rirht Ascension* 



1 to 5 

« = 

» o 

lis 



o 
0 

I 

2 

3 
4 



I 

7 
8 



9 

10 

ii 

12 

»3 
14 



J 5 
16 

17 
18 

'9 



22 
*3 

25 
26 

*7 
28 

29 
3° 



1 1 Signs. 4* 
5 Signs. + 



10 Signs. 4- 



4 Sijr 



ns.+ 



9 Signs. 4- 
3 Signs. + 



0 Signs. — 

■ 


1 Signs. — 


2 Signs. — 


Star's right 
Afcenfion. 


6 Signs. — 


7 Signs. — 


8 Signs. — 


0 1 

0. 0 
0. 1 c 

°-3 l 

0. 40 

1. 1 


Log. 

9. 804 
9. 804 
9. 804 
9. 804 

9.803 


0 1 

6.45 

6. 54 

7* 3 

7. IS 

7.20 


Log. 
9.778 

Q» 777 
* 111 

9- 775 
9-773 
9-77 1 


0 / 
7.48 
7- 4 1 
7-3* 

7- a 3 
7. 14 


Log. 
9.716 

y i$ 
9. 711 

9. 709 
9- 707 


0 

3° 
20 

28 

*7 
26 


1. 16 
1. 32 
1.47 

2. 2 
2. 1 7 


9* 803 
9. 803 
9. 802 
9. 802 
9. 802 


7.28 
7.36 

7- 43 
7-49 
7-55 


9.770 
a. 768 
9. 766 

9? 7 6 4 
9- 762 


7- 4 
6* ?3 
6.41 
6. 29 
6. 17 
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